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The Earth is the Lord’s and the ftdness thereof; the tcorU and they 
that dxrdl therein. 

— rsAiKS 


PREFACE 


« M ^ ^ V' 

i (f h ^ 

THE srorr referred to in i}ie title of this book ii the inammate 
tsatterof wbicbEaitb israadeaodout of vrbidiall living dungs 
dial grow in such great variety and abundance are constructed. 
The starting point is the spark of life. Around sudi sparks of 
life plants build their substances. And from among these sub- 
stances aninsals and men must choose their food. 

The quantity and quality of the vegetation that gro^vs in any 
given region depend largely on the nature of the soil and cli- 
mate of that region. But they depend also on the kinds of plants 
rv-ith which the region is endowed, whether they be those arising 
from the evolutionary processes of nature or those resulting 
from supplemental breeding and selection by man. 
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The lithosphere, the atmosphere, and the hydrosphere are 
involved in the making of the soil that forms a mantle over die 
surface of Earth. In this soil live the myriads of microbes, out 
of it grow the many kinds of plants, and on it and on the plants 
it produces, man places his dependence for food and fiber. 

This book is concerned with these matters, with particular 
reference to the United States of America. It goes into scientif- 
ic detail only so far as seems essential for an understanding 
of the principles that are being dealt with. It is in no sense a 
comprehensive treatise on soils in relation to plant growth. 

The primary purpose of the book is to bring the beneficence 
of nature into focus, as it was when man took over, as it is now, 
and as it could be if nature were more fully understood and 
aided by man. 

No attempt lias been made to give credit to the many men, 
both scientific and practical, to whom the author is greatly in- 
debted for facts, principles, concepts, and philosopbies. But 
none of these people should be held responsible for any errors 
in fact or interpretation that may have crept into this account of 
Earth and what grows upon it. 

The author is particularly indebted to Miss Ethel L. Reed, 
who has typed and retyped the manuscript, meanwhile making 
many suggestions toward its improvement. 


Firman E. Bear 


New Brunswick, New Jersey 
January 29, 1962 
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The soil is the one indesiructiUe immuiabie asset that ik^ nation pos- 
sesses. It is the one resource that cannot be exhausted, that cannot be 
used up. 

— Mn.to'i wnrrsET 


Chapter One 

THE SOIL BENEATH OUR FEET 



SOIL, like faith, is the substance of things hoped for, the evi- 
dence of things not seen. It is the starting point for all the living 
things that inhabit die earth. The flowers, fruits, and Vegetables 
that grow in the garden, die trees that toiver in the Woods and 
forests, and the grains and grasses that flourish in the flelds, as 
rvell as the animals that consume them — all owe their existence 
to the soil. And man himself, by way of the food he eats, is a 
product of the soil, and to the soil his body will be returned. 

All the plants dial groir out of the soil, including not only 
those ivith irbich ire are quite familiar but thousands of other 
speciesas well, extend iheirnwts farther and farther down into 
the soil as their tops grow bi^cr and higher above it. They 
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or to be choked out by dense populations o£ weeds or other 
competing plants. 

If a plant survives beyond infancy, it is still subject to vari- 
ous disasters, including being consumed by larger animals or 
harvested by man- In nature, however, enough seed of any 
given species of wild annual plant spring to full life eacli year, 
gro^v to be mature plants, and produce new seed that the per- 
petuation of the species is assured. Having accomplished its 
purpose, the mature plant eventually dies and falls back on the 
soil to become, in part, a portion of the soil. 

A similar type of life cycle takes place with perennial plants, 
such as grasses, shrubs, and trees. They may lose a part of tlieir 
produce to the soil each year, as in the dropping of the leaves 
of such deciduous trees as the oak and maple ever)* autumn. 
But they renetv their growth each succeeding spring, some- 
times living a century or more. Yet even the tallest tree eventa- 
ally falls to the ground to be gradually reduced by microbial 
processes to the substances out of which it v^os originally con- 
structed. And among these substances are the soil -derived min- 
eral elements. Although, in the slow-burning microbial proc- 
esses, no ashes as such are seen, the soil-derived mineral ele- 
ments in a tree or any other type of plant are returned to the soil 
in much the same form as a result of microbial action as they 
would have been if the tree or plant bad been destroyed by fire. 

Wliat is soil? In largest part, soil is what is left of the rocks 
that originally covered the face of the earth after the winds and 
rains and the heat and cold of the centuries had broken tliem to 
pieces, and the water tliat fell as rain had dissolved out the most 
soluble portions and carried them away, largely out to sea. 

But soil is more than a residue of rocks. It contains the re- 
mains of many generations of plants and animals that have 
lived on the earth. On and within die soil are the myriads of liv- 
ing things that use the soil as their abode. These are a part of the 
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of all sizes behreen tbe coarsest sands and the finest clays. Large 
percentages of sand give soils a gritty feel, large percentages 
of silt give them a floury feel, and large percentages of clay 
make them sticky ^¥llen wet. 

Millions of the smallest particles of soil are often joined to- 
gether to form much largertinils. Hje cemeniingmaterials con- 
sist of sticky clay or gelatinous products that are formed dur- 
ing the rolling of soil organic matter. When these cementing 
materials are dried, whether by dry Avinds, the heal of the sun, 
the action of plant roots, or the freezing process, they shrink, 
drawing the particles surrounded by them into tight aggregates 
or granules. And once the gelatinous binding materials have 
been thoroughly dried out, they do not readily reabsorb mois- 
ture. Consetpiently, the granules may retain their sizes and 
shapes for a considerable period of time. Tlieir formation and 
re-formation is essential in keeping soils, notably tliose witli a 
high clay content, in good wotl^g condition, a state known as 
“good tilth.” 

The microbial population of the soil consists mostly of mi- 
croscopic plants, particularly bacteria and fungi. Such animal 
forms as protozoa and nematodes aho constitute important 
parts of it. Most of the several groups of microscopic plants live 
in co-operative association with each other, but some of them 
are parasitic. The microscopic animal lorma are predatory, the 
protozoa, for example, feeding on the bacteria and fungi, and 
increasing or decreasing in number in proportion as Uie num- 
ber of microscopic plants at their disposal rises or falls. 

Some of the insects that spend a part of their lives in the soil 
use it merely as a place in wbidi to harbor during dormant pe- 
riods. Some of them, such as grubworms, the larvae of the June 
beetle, feed on the roots of plants gro\ving on the soil. Earth- 
ivornis are permanent resideirts of the soil, feeding primarily 
on dead organic matter in and on the soil. Many larger forms 
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of animal life, such as prairie dogs and ground hogs, use ihc 
soil as a home but feed on the aboveground portions of plants. 

Excretions and dead bodies of these various forms of plant 
and animal life provide food for the lower categories of the 
soil microflora. Tlie dead body of a protozoon, a relatively 
large animal form in comparison to the plant-form bacterium, 
makes a choice morsel of food for the scavenging microbes. 
That of an earthworm provides a big meal for millions of tljese 
microbes. And when a large animal or plant dies and falls to 
the ground to become a pari of Uie soil, very rapid multiplica- 
tion of the scavenger microbes occurs with tlie result tliat it is 
quickly reduced to the atmospheric and soil constituents that 
went into its making. 

The vegetation growing on any given area of soil in its virgin 
tbte provides a clue not only to the nature of tlte climate but 
to the nature of the underlying aoil as well. The climate may 
vary all the way from that of the desert to that of Uie tropical 
jungles. And the vegetation, likewise, may vary all die way 
from die cactus of the arid regions and the short grasses and 
mesquite of the semiacid regions to the tall trees of the high- 
rainfall regions, with the tall grasses and shrubs in between. 

Tliis means dial soil must be considered in relation to its en- 
vironment. Soil, climate, and vegetation are so closely identi- 
fied with each other that if one knows the facts about any two 
of these he can deduce most of the facts about the third. In otlier 
words, if one knows the nature of the soil and climate, he can 
predict quite accurately the nature of the natural vegetation. 
If he knows die nature of the soil and the vegetation, he can 
predict tlie nature of the climate. And if he knows die nature of 
the climate and vegetation, he can predict the nature of the soil. 

If the climates and the associa^ plants that existed during 
the long period required for soils to develop and mature in 
widely scattered areas of the earth were essentially the same. 
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this is reflected in the similarity of the soils in these areas. And 
this applies no matter what the nature of the rock from which 
the soils were formed. That is not to say that the soils will he 
identical eitlier in their physical or chemical makeup, but they 
wiU bear a very strong over*all resemblance to each other. 

Some soils are young, others are middle*aged, others are 
mature, and still others are in a state of old age. Their ages de- 
pend primarily on the length of time they have remained in 
essentially the same place since they began to be formed, and 
on the nature of the climate. For example, soils of deserts and 
those on steep hillsides tend to remain young, their older por- 
tions being continuously lost in erosion by wnd and water. 
The soils of recently-exposed islands that have been shoved up 
out of the sea are young. Those now being formed from recent* 
lyeniptedvolcanicmaterialwill remain young for many years. 

Soils reach maturity and old age (plickly under conditions 
of relatively level topography, reasonably heavy rainfall, and 
moderately warm temperatures. The younger the soil the great- 
er its similarity in chemical make-up to that of the original 
rock from which it was derived. Thus a young soil of limestone 
origin will contain considerably more lime than an older soil 
that was derived from the same kind of rock. The older the 
soil the greater its tendency to reflect the nature of the climate 
and the natural vegetation rather than that of the original rock 
from whicli it ivas formed. 

hlature soils in high-rainfall regions consist mostly of that 
portion of tlie rocks’ mineral maner which plants do not need 
and cannot use. Hiey are made up largely of oxides of siUcon, 
aluminum, and iron, as such, or in combination inth each other 
in mineral forms kmowTi as silicates. The supplies of the plant- 
required mineral nutrients ihst remain in the soil are what 
were left over after the rains of the centuries had dissolved all 
they could of them and carried them out to sea. 
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Neverllieless, sufBcienl quanlities of these mineral nutrients 
remain in the soil in available forms to meet the needs of plants 
growing under natural conditions. It is only after man has en- 
tered the picture and has grown, hacvesCed, and sold crops, or 
the animal products produced by feeding them, that deficien- 
cies of these mineral nutrients begin to develop. 

It has been said that “soil is the one indestructible, immut- 
able asset that the nation possesses, the one resource that can- 
not be used up.” In a sense, this is true. Unfortunately, exposed 
soil is subject to being moved from place to place by wind and 
water. It may be carried far away from the place where it was 
formed only to be laid down on lop of other better or poorer 
soil, as the case may be. Or it may be carried out and dumped 
into the ocean, where it is no longer available for use. And even 
if the soil remains in place its productivity will decline marked- 
ly with continued cropping or grazing. Thus, soil is indestructi- 
ble only if it is tightly sewed to the earth by roots of plants and 
only if the losses of mineral nutrients from the sale of crops 
and livestock or their products are compensated for. This is 
where manure and composts and the lime and fertilizer in- 
dustries enter the picture. 

Under natural conditions the nutrient elements lliat stiU re- 
main attached to the virtually insoluble yet very slowly dis- 
solving soil continue to be made available for plant use. When 
such vegetation as weeds, grass, or trees is permitted to grow 
up and fall Lack onto the land, as happens in nature, the pro- 
ductivity of tlie underlying soil gradually increases. Each 
successive year’s growth of sudi plants feeds on not only the 
mineral nutrients released by the rotting of previous plants but 
on any newly dissolved mineral nutrients that may have been 
released from the almost, but not entirely, insoluble mineral 
{KJrtion of the soil as well. Tie carbonic, nitric, and other acids 
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resulting from microbial actkm on soil organic matter aid in 
lie dissolving process. 

Under agricultural conditions, with removal and sale of 
crops and livestock products from the farm, yields of unaided 
soil tend to fall off to ever lower levels. But the soil never be- 
comes sterile. It will continue to support some type of vegeta- 
tion under even tie worst sj'stems of management. If permit- 
ted to go back to nature, recovery of productivity may be fairly 
rapid. In the drier regions the natural vegetation will be most- 
ly grass and weeds. In the more humid regions it will normally 
be trees. 

The climate and its associated vegetation that acted on the 
original rocks to form soil, the nature of tliese rocks, and the 
length of time involved in the soil-forming processes have 
varied greatly from region to region. Such factors as glacial 
action, volcanic eruptions, wind erosion, and the deposition of 
river sediments on flooded lands may have been involved. Con- 
sequently, there ate a considerable number of very different 
kinds of soil. These have been arranged for convenience into 
some three doien Great Soil Croups. Of these one-half dozen 
can be used to advantage for illustrative purposes. 

Russian scientists were responsible for the development of 
the first systematic scheme for grouping soils on the basis of 
climatic and vegetative factors. If one takes the train from 
Odessa to Moscoiv, whether by way of Kievor Kliarkov, he ivill 
travel over more than one thousand miles of flat to rolling 
plains that are covered with deep black soil, which the Rus- 
sians named cliemozem, meaning “black earth.” This is the 
great wheat belt of the Ukraine. A peculiar fact about this deep 
black soil is llie whitish layer of a limestonelifce deposit that is 
found in the subsoil. 

Chernozems were formed under conditions of a natural 
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of South America. Most of these soils are strongly acid natural- 
ly, or they soon become so after being farmed. They require 
liming for optimum yields of crops. Some of the finer clay 
particles o£ these soils have been carried do^^•n into the sribsoils, 
sometimes to the extent of developing layers that are almost 
impermeable to water. 

In the tropics, where rainfall is heavj* and llie natural corer 
is an almost impenetrable forest, one is impressed by tbe deep 
red color of the soil. Tliis color has led to the soil’s being named 
latosol, a word derived from the Latin later, meaning “brick.” 
Over the centuries these soils have de\'elopecl as a result of 
the drastic dissolving action of heavy rainfall under hot tem- 
peratures and the rapid rotting of soil organic matter. They 
have lost not only their readily soluble substances andlbeir less 
soluble lime but a large part of their silicate silica as well. 

Silica, the o-tide of silicon, exists in soils in the form of vir- 
tually insoluble grains of quartz sand and in silicate minerals 
in which silica is joined to iron and aluminum oxides. Most 
soils contain 75 per cent or more silica in these fv>'o forms. But 
the silica of the silicates in lalosols has been dissolved in large 
part and carried away by the drainage water, l^tosols are es- 
sentially iron and aluminum oxides, ■'»ith some free quartz. 

To marked contrast to (he tropical forests that cover (he lato- 
sols, the gray-red desert soib may be almost completely bare 
of vegetation because of the limited rainfall in tlie regions 
where they exist. Strong winds and extreme variations in tem- 
perature have heeti primarily responsihle for breaking tlie 
rocks to pieces to form these soils. Because of the low rainfall, 
the soluble substances, called salts, may never have been car- 
ried off by water. In that event, they may present a very trouble- 
some problem when irrigation water is supplied. 

The Great American desert, covering a large part of Cali- 
fornia, New Mexico, Idaho, and Utah and extending into the 
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neigliLoring states, has an aica of about 250,000 square miles, 
or over 150,000,000 acres. Similar Urge desert areas are 
found in Mexico and Chile. And mudi larger deserts are locat- 
ed in Norlli Africa, central Asia, and the interior of Australia. 

Along all die rivers of the earth, large and small alike, are 
soils tliat ate made up of sediments that were carried dovm- 
stream from higher levels in lime of flood and spread out over 
the lowlands lliat the water overflowed. TI«e fartlier down- 
stream toward the river’s mouth, the wider the area that ^vas 
flooded and the deeper the river-home deposits of sand, silt, 
and clay. Tiiese deposits, derived from a great variety of up- 
stream soils, constitute what arc knorvn as alluvial soils. Such 
deposits are often fifty feel or more in depth. Wlien drained, 
alluvial soils are usually highly productive, many successive 
layers of rich sediment often having been piled up on top of 
each other over long periods of time. 

Tliese alluvial soils underlie some of the most important 
food-producingoreasoftheeartli. TJie valleys of tlie Tigris and 
Euphrates rivers in Iraq, the valley of the Ganges River in In- 
dia, theNileRjver Valley in Egypt, Uie valleys of the Amazon 
and La Plata rivers in South America, the Rhine River Valley 
in Holland and Germany, and ihe Mississippi River Valley 
provide some of the best examples of such soils. 

The thirty or more other Great Soil Croups of the earth are 
made up of soils with properties between or beyond those of 
the five groups mentioned. One of these, the tundras, is of 
special interest because its subsoils remain frozen tlie year 
round. The topsoils may thaw out to sufficient depth each sum- 
mer to permit the growth of grasses, mosses, lichens, and algae 
that form a mat over the surface. This makes the tundras highly 
useful for grazing purposes for livestock, notably for great 
herds of reindeer. 

Tundras cover large areas in northern Alaska and Canada 
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and in nortliem Russia. Deep dovm they are ricli in a)l mineral 
nutrients since, except by surface runoff, they have experienced 
little loss by way of drainage waters, tlie subsoils having been 
frozen for many centuries. It is possible that sometliing could 
be done to increase their absorption of heat from the summer 
sun, and surface application of some Black substance, sue!} as 
powdered coal, bas been suggested for this purpose- 

One of Oie most troublesome problems in irrigated arid 
areas is that of the saline or salt-rich soils tlzat lend to develop. 
The difficulty lies In tlie high concentrations of highly soluble 
salts of the type dial have been dissolved by rainwater and car- 
ried out to sea in regions of heavy rainfall. When the salt con- 
tent of these saline soils becomes excessive, plants will no long- 
er grow on them. Wlien water is applied to them, the salts tend 
to accumulate on the surface as the water evaporates. 

Considerable effort has been and is beieg expended in pre- 
venting Uie accumulation of these salts to toxic concentrations. 
In addition to appl>'ing irrigation water in excess, use is some- 
times made of massive moldboard plo\s‘5 that bury the accumu- 
lated salts below tlie level to which crop roots normally extend. 
Of these salts, sodium carbonate, of which washing soda b 
made, is the most trotihlesome, not only because of its biglt 
solubility in water but because of its strong alkalinity as ^vell. 
Few plants ivill tolerate any considerable amount of this salt 
in the soil water. 

The great glaciers, whidi once spread over a large part of 
northern North America, Europe, and Asia and the soudiem- 
most part of South America, played highly important parts in 
soil formation. The moving ice pulrerized and mixed many 
different kinds of rock materials over which they moved. Tlie 
soils derived from these glacial d^osits are generally deep 
and relatively ridj in tlie mineral elements regtj jred by plants 
They often contain abundant supplies of most of the additional 
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mineral elements required by animaU and man as well. Yet 
the warmer climate dial has prevailed since the last invasion 
of the glaciers, some eleven thousand years ago, has so domi- 
nated the soil-forming process that the now prevailing soils 
belong to the Great Soil Groups associated with the present 
climate rather than with that of the more distant past. 

During the glacial periods, which covered several hundred 
thousand years, strong winds carried large amounts of finely 
pulverized rock, now known as loess, oil the exposed rock de- 
bris as the ice retreated, and deposited them over large areas 
of the earth’s surface. A wide belt of such deposits extends from 
the Rocky Mountains eastward into Pennsylvania and as far 
south as the Mississippi Delta. Similar loess deposits are found 
over extensive areas in eastern Europe, In Siberia, and in South 
America. Some of these deposits were two hundred feet or more 
in thickness. Loess of nonglacial origin underlies the soils of 
much of China, 

The soil formed from loess eventually took on the character- 
istics of the Great Soil Groups associated with the present cli- 
mates of these regions. Knowledge that the loess was there be- 
fore the present soils were developed has been obtained by 
studying the underlying deposits. When exposed, as along a 
railway right of way or a deep cut for a highway, loess often 
tends to maintain tlie side of the cut as it was made, vertical or 
otherwise. The silt particles of which loess is mostly made 
often fit together so tightly that they are not easily eroded out 
of position. 

Large expanses of land are covered witli volcanic ash in re- 
gions where eruptions have occurred at some lime in the past. 
This ash consists of finely pulverized rock materials that were 
released into the surrounding atmosphere. It was often carried 
long distances in the direction of the prevailing winds and de- 
posited as a coating over whatever was there before to form 
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what has since become some of Ae most productive soil on 
earth. Such deposits are found on wide expanses of land in 
Java, Sumatra, and other islands on that part of the earth. They 
were also laid down over large areas in Australia and New Zea- 
land. And they are found in localized areas in the United 
States, Central America, and other parts of the earth. 

When the Gunung Kelut volcano in the eastern part of cen- 
tral Java erupted in 1919, an estimated 40 billion cubic meters 
of boulders, pumice, and ash were dirown into the air. Tlie ash 
was widely distributed over long distances round about. This 
is only one of many such happenings. Ash of this type is weath- 
ered into soil in a relatively short period of lime. Many of the 
soils derived from volcanic ash have not had lime as yet to ma- 
ture, being still in a very youthful and highly productive state. 

Up to this point consideration has been given primarily to 
the effect of the climate and its related vegetation on the cbemi* 
cal properties of the soils that developed from the original rock 
cover. But these agents affected the size and arrangement of the 
soil particles, or the physical proj^rties of soils, as well. The 
words “sand," “silt,” and “day" are used to indicate the sizes 
of soU particles. Agreements on the size limits of these particles 
have been reached by the International Society of Soil Science. 
The diameter limits of particles of coarse sand have been set 
between 2.0 and 0.2 mm. (one inch equals 23 mm.), those of 
fine sand between 0.2 and 0.02inin., those of silt between 0.02 
0.002 mm., and those of day less than 0.002 mm. These par- 
ticles are not necessarily spheres, the diameters mentioned 
being those of their longest diineasions. 

On a particle-size basis, soils are divided into classes in ac- 
cordance with the size or sizes (hat are dominant. Thus, there 
are sand, silt, and clay soils, with all the possible gradations 
in between. Among Uiese in-betweens are loams, sandy loams, 
silt loams, silty clay loams, and day loams. A true loam is 
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made up of about equal perornlagM of sand, silt, And clay. 
Relatively more sand is found in llie sandy loams, but not nee* 
essarily a very large percentage more- And the same principle 
applies to the other loams. 

Extensive areas of sandy soils are found on Uic coastal 
plains of the several continents, around the shores of lakes, or 
in areas ^vbcrc the soil was largely derived from tlic underly* 
ing sandstone. Tlie whole of Horida lies on llie coastal plains 
of die Atlantic Ocean and the Gulf of Mexico. Tlie sandiness 
of these soils is due to the soitlngonl process that occurred 
while the river waters that flowed out from the interior high- 
lands were dropping llicir loads of sediment ns they flowed 
into the sea. Tlie seacoast was shoved out farther and farther 
into the sea as the Larger sand particles separated out snd drop- 
ped to the bottom wlicn the velocity of the river waters was 
slowed down by the impact with the water in tlie sea. 

The duTAS atound lakes mc deposits ol sind that liave Iwen 
moved by winds from the lake shore to build up surrounding 
higher land. The sandy soils that are found in tJic interiors of 
continents have been developed from sandstone as it weathered 
into Uic soil. Tliis sandstone liad l»ccn laid down long ago as 
sand along llie shore of some anaent sea or lake end had been 
consolidated into rock by thepressureof materials deposited on 
top of it. Finally, it was pushed up out of the water by some 
tremendous subterranean force and, in time, it may have again 
been reduced to a sandy soil. 

Large deposits of plant remains often accumulate in swamp 
areas to form peat. Such deposits are frequently built up to 
depths of fifty feel or more. Tlic soils that form from these de- 
posits, often known as mucks, consist mostly of organic matter, 
but tliey also contain varying amounts of mineral matter in 
the form of sand, silt, and clay. The properties of these peal 
soils differ greatly from those of the mineral soils. In some 
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parts of the world peal is used extensively for fuel. Oar present 
coal deposits were once deep deposits of peat, which were com- 
pressed into a compact slate by heavy overhurdens of rock-de- 
rived sediments that subsequently came to occupy positions 
on top of the peat deposits as they settled deeper into the sea. 

When drained, peat soils have one important advantage over 
mineral soils: they are high in organic matter and iu associated 
nitrogen, a very important air-derived plant nutrient. Over the 
centuries, this nitrogen had been captured from ibe gaseous 
supply in the air by electrical and microbial means, brought 
to tlie earth in combined form, used by plants, and stored in 
their tissues. And peal, like all other forms of plant refuse, 
constitutes a highly important source of food for the many mil- 
lions of microbes that grow in it, once the excess water in wluch 
it was laid dovvn has been drained off. Some of die more soluble 
mineral nutrients originally present b the peat-forming plant 
refuse hare been carried away b the water oversow, this being 
particularly true of potassium, a highly important mineral 
nutrient for plants. 

Soil is such an important natural resource (hat careful sur- 
veys hare been and are bebgroade to ibd out more about die 
kinds of soil b each nation, state, and county, and often on 
each farm and field. The starting point is usually a generalized 
survey that maps the land m large units, such as sand, silt, and 
day soOs, and vallej'S, prairies, plains, deserts, mountabs, and 
stvamps. Hie resulting maps may be made on the basis of one 
bell for every one hundred miles. 

To meet more specific needs, soil maps of important agri* 
culmral areas may be made on the basis of one inch per mile. 
Such mappbg is done not only in relslion Id the use to which 
the land is currently being put but to the potential agricultural 
uses to whidi it is best adapted. Sudi mapping includes con- 
sideration not only of the physical properties of die soils, but 
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tlic Uy of llic land, ila tendency lo suffer from wind and water 
erosion, and its suitability for the growin;; of spccinc crops. 

For still more detailed use by on individual farmer, land 
may be mapped on Uie basis of four or more inches to the mile. 
Such maps, in color, provide the needed information in such 
detail as to be highly useful lo the man farming ihe land. These 
maps indicate the land that is so subject to erosion that it had 
best he kept in grass or trees, ^nd they indicate tlie land tliat is 
best suited to particularcrops due consideration lieing given in 
each case to the measures that must taken to prevent undue 
loss of soil by wind and water erosion. 

Soil is a renewable natural resource, in contrast to coal, oil, 
gas, and ores, which are removed from their points of origin 
and never replaced. Tlic same soil can I« used and rc-osed year 
after year in perpetuity for tlie growing of crops, grasses, or 
trees, providing adequate measures are taken lo keep it in place 
and to renew the supplies of mineral nutrients that are carried 
off the farm in harvested crops and in livestock or its products. 
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The Earth is rotuul anj lile a ball. 
Stems swinging in the air, 

A skf extends aroand it all 
And stars are shirting there. 


Chapter Two 
THIS EARTH OF OURS 


EARTH 19 a minute fragitnenl of a universe that is believed to 
have come into eustence as a result of a cataclysmic explosion 
of a single mass of hi^y concentrated matter some ten billion 
years ago. Out of tliis explosion evolved the galaxies, such as 
our Milky Way, that are made up of the many billions of stars 
that are known to exist xo the heavens. 

All of these stars, of whidi Sun is one, have been rushing 
farther and farther out into space at an extremely rapid rate 
ever since- But this rate is now believed to be slowing down. If 
so, eventually this expanding movement may come to a halt 
and its direction may then be reversed. In diat event all tlie 
separate units of the universe ought be pulled back together 
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with a resulluig new explosion lhat would repeat the sequence. 

Wlierc Earth had its origin and how it came to Ikj have long 
been subjects oC much speculation among matlicmalicians and 
astronomers, geologists and biologists, physicists and cliemists, 
and pfiiiosopJicrs anti theo/ogians. Some of the more modem 
concepts of highly capable scientists especially concerned with 
this subject appear sufTicicnlly conclusive to make it possible to 
accept them as working hypotheses. But they still leave many 
points to be more fully explained. 

Eartli, located some 93 million miles out in space from Sun 
and revolving around it once every 36S days at a speed of 
about tAvcnty-lwo miles a second, is belicvcil to be an ofTsboot 
from Sun. It came into c-xistence largely os a gaseous mass that 
began to solidify into its present form some four and oncdiolf 
billion years ago. It is Uic third of a series of nine planetary 
satellites of Sun, of whidt Mercury and Venus arc nearer to 
Sun, and Mars, Jupiter, Saturn, Uranus, Neptune, and Piuto 
are increasingly farther away from it. The ilislonce from Sun 
to Pluto is estimated at 3,675 million miles. 

Our solar system is not unique, and ncitlicr is Earili. Many 
millions of sucli systems are believed to exist in the universe. 
The number of stars, among the largest of wblcli our sun is a 
mere midget, has been estimated at 10^, which means 10 mul* 
tiplied by itself 20 times. And of these millions of millions of 
millions of stars, some 10* have been estimated to have plane- 
tary systems similar to the one of whicJi Eartli is a part. From 
this, one may speculate that there are millions of planets that 
are so located with reference to the stars round which they re- 
volveas to have conditions that are favorable for life. Tlie living 
forms on tliese Earlhlike planets may be very different from 
those witli -which we are familiar. Conceivably, the highest 
forms of li/eon some of th^eplantsmaylicsitperior to man. 

The history of Earth is recorded in part in tlie rocks that are 
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eiposed to view and that have been reached by quarrying and 
boring. For convenience, this history is divided into five eras, 
of ivhich the most recent, the Cenozoic era, covers the last 60 
million years, since the folding that formed the Rocky Moun- 
tains. The next earlier Mesozoic era, extending back 130 mil- 
lion years farther, began with the folding that formed the Ap- 
palachian Mountains. Prior to tliat were tlie Paleozoic era of 
360 million years follovring an extended period of mdespread 
overflow's of molten lava, the Proterozoic era of 900 million 
years after ilje Laurentian rCToJution, and the Archeozoic era 
that began in obscurity. These five eras total 2,000 million 
years, leaving 2,500 rmllion more years to get us back to the 
beginning of time on Earth. 

During the pre-Arcbeozoic era. Earth was a molten mass, 
the surface of >vhich ivas cooling down to form a solid crust of 
rock. The racist vapor that originally surrounded Earth gradu- 
ally condensed to form water. This e-tisled mostly as such, but 
some of it joined to the minerals that formed as the molten rock 
cooled, and nowe.rists in combined solid form. But the interior 
of Earth has remained hot down to the present lime, the tem- 
perature of its centra! core being estimated to be at least 1,- 
500"C. 

The distancefrom the suriace to the center of Earth is a little 
over 3,950 miles. Tlie most dependable information about the 
interior of Earth has been obtained by studies of earthquake 
waves. When the rates of travel of these waves were measured 
at varying distances from their points of origin, they were 
found to increase to about ei^t miles a second at a depth of 
1,800 miles, after irbich tbq' slowed do>vn to about five miles 
a second. From tliis it was deduced that Earth’s core is made up 
of very different materials from tlmt constituting the remainder 
of the globe. Tlie average density of the roeJa that make up the 
outside shell of Earth is about 2.7. That of Earth as a whole is 
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5.52. In other words, the weight of Earth is a little over five and 
one-half limes tliat of an equal volume of water. 

From tliis and other evidence ihe conclusion has been reach- 
ed that Earth is enclosed within a shell about 750 miles thick. 
Tlie outside of this shell consists of a relatively tliin layer of 
soil, some rock debris, and a variety of solid rocks of the type 
•witli which we are familiar. Tlie solid rock still lower doixm is 
probably a dark-colored igneous type, formed directly from 
molten matter and known as magma, of which little if any has 
ever been exposed to view. Within this outside shell is a second 
shell that is made up mostly of iron oxide and iron sulfide and 
that extends 1,050 miles farther inward toward the center of 
Earth. Inside this second shell is a core, witli a radius of about 
2,150 miles, that is believed to consist mostly of iron and nick- 
el, similar in composition to most of tbe meteorites. The den- 
sity of the iron oxide-sulfide inner shell is estimated at 5.6 
and that of the inner iron-nickel core at 8.0. These three divi- 
sions of Earth’s interior do doubt merge into each other rather 
than having distinct boundaries. 

The temperature of Earth's central core is higher than that 
of the molten rock that is poured out of the craters of live vol- 
canoes. Nevertheless, reason of the mass of material that 
surrounds it, this core is essentially a solid. In this case again 
we are dealing only with a hypothesis, but one that is accepted 
as being a highly useful concept. The greatest depth to whicli 
Earth has been penetrated by drilling do^vnward from tbe sur- 
face is about four miles, a superficial distance in comparison 
to the nearly one thousand times this that would be required 
to reach its center. 

As Eartli cooled down oripnally, its crust passed through a 
semisolid to a solid state, srith great folds developing on its sur- 
face. Water collected in the valleys between these folds to form 
lakes and seas. Terrific tensions and pressures were built up 


24 



This Earth of Oltis 


vdlhin Earth’s interior with the result that high mountain 
ranges, such as those o£ the Himalayas, the Alps, and the Rocky 
Mountains, were shoved up above the surrounding terrain. 

Sudden underground slippages o£ great masses o£ rock fre- 
quently occurred. These opened up huge cracks, known as 
faults, whicli are horizontal dtsplacemeots of soil and rock that 
can often be traced across Uie country for distances of one Hun- 
dred miles or mote. Proof of these and other great stresses, that 
developed within Earth’s crust during the cooling process and 
subsequently, is found also in the trsnsfonnation of limestone 
to marble, of shale to slate, and of bituminous coal to anthra- 
cite. Such metamorphoses could have taken place only under 
conditions of extremely high pressures and temperatures. 

Undoubtedly, earthquakes were more frequent and cat- 
astrophic in the far distant past than they have been during 
historic lime. But no person was (here to see and record them. 
In the four thousand years of recorded history an estimated 
13,000,000 people have been killed by earthquakes. During 
the earthquake that shattered the city of San Francisco in 1906 
a great fault opened up that broke gas and crater mains, result- 
ing in terrifying fires that could not be brought under control 
and in much loss of life and property. In 1923 some 90,000 
people lost their lives during an earthquake in Tokyo, Japan. 
An estimated 100,000 casualties resulted from an earthquake 
in northern Turkey in 1939. 

Terrifying and highly destructive volcanic eruptions fre- 
quently follow earthquakes, the volcanoes belching forth great 
masses of molten rock, large volumes of fiaming gases, and 
such vast quantities of ashes (hat often the sun is blotted out 
for many miles around. Some 2,500 volcanic eruptions have 
been recorded, of which over 2,000 have taken place in tlie 
Pacific Ocean region. More than 450 of these eruptions have 
occurred within historic times. The most famous volcanic erup- 
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lion was that of Mount Vesuvius in A.D.79, which completely 
buried tlie cities of Pompeii and Herculaneum near Naples, 
Italy, killing thousands of people and destroying all tlie living 
things about the nearby countryside. In 1908 the city of Mes- 
sina, Italy, was totally destroyed by sudi an eruption, some 85,- 
000 people being killed. As recently as 1943 a mountain of 
molten rock and ashes was piled up to a height of two lliousand 
feet within a few days in Ae center of what had been a pros- 
perous farming community near Paricutin, Mexico. About 
80 per cent of tbe known active volcanoes on Eartl: arc of the 
submarine type, sudi as the one that shoved up a new island 
among the Azores in 1957. The Hawaiian Islands are of vol- 
canic origin, having been built up at some points to a height 
of fourteen thousand feel above sea level from a starting base 
that was at least tliat far below it. 

Associated with the high temperatures tliat result in the vol- 
canic eruptions that continue to occur from time to time end 
from place to place are the large amounts of steam and boiling 
water that come to tlie surface in many pans of Earth. Old 
Faithful Geyser in Yellowstone National Park, which erupts 
quite regularly about once anbour the year round and has been 
doing so for many years, is a good example. At Hot Springs, 
Arkansas, forty-seven such hot-water springs, with reputed 
curative values, attract many thousands of visitors every year. 
The most extensive and long-continued hot springs known are 
located in New Zealand and in Iceland, where they are of great 
importance because of their heat value during the cold and ex- 
tended winter periods. 

Earthquakes are often closely followed by what have long 
been termed tidal waves that have been known to travel across 
the ocean at speeds up to 450 miles an liour with disastrous 
effects when they reach a sliore. Tliis term is a misnomer in tliat 
tliese waves have no connection with tides. A better word, coined 
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by the Japanese, who have had a great deal of experience 
with them, i$ tsunami. Japan has been hit by more than a dozen 
tsunamis inthin the last half-dozen years, ei^t of them highly 
destructive. One of these, on June 15, 1960, is estimated to 
have destroyed ten thousand homes and to hare killed 27,000 
people. In 1883 a tsunami, originating as a result of an erup- 
tion of Mount Krakatoa in the South Pacific, had a height of 
well over one hundred feet as it rolled in on the adjacent islands 
of Sumatra and Java, droivning many thousands of people. 
This wave was recorded on tidal gauges as far away as the 
English Channel. 

Earthquakes, volcanoes, and tsunamis have had far-reaching 
effects on the topography of the land and on the fioor of the sea. 
But they have not bad as much effect on the whole as the con- 
tinuously operating cold, beat, wind, and rain. Tliese forces 
break the surface rodcs down into smaller and smaller pieces 
and have marked dissolving and transporting effects. Some 
idea of the rate of movement of rock and soD debris by the 
water that falls as ram is provided by the estimated rivo mil- 
lion tons of sediment that is being carried doivn to the moutli 
of the hlississippi Hirer and dumped into the Cull of Mexico 
every year. Thus the mountains and hills tend to be worn away 
and the ocean floor to be built up with the material that is car- 
ried off them. The Appaladiian Mountains, which came into 
existence as a result of a strong upward thrust from deep be- 
neath the surface of Earth some 200 million years ago, are be- 
lieved originally to have rivaled the European Alps in height. 

Most of what is now dry land was once located beneath the 
sea- Consequently, most of the soil cover, which is relatively 
thin, is underlain by sedimentary rocks, the type that has been 
formed from the cementing together of the land-derived rock 
debris after it had been laid dovm on the ocean floor. In some 
regions, however, great volumes of lava have been poured out 
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over the surface of the land since it emerged from the sea. A 
large part of Arizona and New Mexico, for example, is over- 
lain by such lava beds and by the associated volcanic ash. Here 
and there huge extrusions of molten rock from lower deptlis 
have been shoved up almost to the surface to form what are 
known as batholitlis. One sucli mass of rock underlies an area 
of sixteen thousand square miles in Idaho. 

Sometime ^villiin the many millions of years during which 
tlie original igneous rocks were being distintegrated by the 
forces of nature and the sedimentary rocks were being formed 
on tlie ocean floor, tlie first simple forms of life came into being, 
probably in the ooze along the ocean shore and probably at 
more than one location. This has been the subject of a great 
deal o! speculation, and some highly interesting hypotheses 
have been developed. An international symposium on the ori- 
gin of life was held in Moscow in 1957. Most of those present 
apparently believed that the starting points for life were the 
simpler amino acids— -the substances dial, when joined to- 
gether, form proteins, which are key compounds in living 
things. These amino aci'ds are believ^ to have been formed 
as a result of lightning discharges that joined the constituents 
of die atmosphere. The first evidence of life is found in the 
sedimentary rocks of the latter part of the Archeozoic era, 
some 1,500 million years ago. It was essential that conditions 
become favorable for life before it could develop. And when 
such conditions came to be, life developed as a natural con- 
sequence. Possibly life Is still originating in these same primi- 
tive forms. 

Tlie first forms of life were certainly single-celled micro- 
scopic organisms. But more complex forms of life gradually 
evolved. By the time the Proterozoic era had arrived the sim- 
pler forms of algae, worms and crustaceans, and the forerun- 
ners of the fishes had appeared, as evidenced by the fossil forms 
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lhat are found embedded in the sedimentary rocks of that era. 
During the latter pari of that era, some 600 million years ago, 
the whole of %vhal is now the United States of America was sub- 
merged in the sea, and exlenaive deposits of limestone were 
being laid dotvn on its surface. 

Daring tbe Paleozoic era ibat followed, many kinds of fishes, 
the giant ferns, and the antecedents of the great reptiles evolved. 
During the Carboniferous period of that era, something 
over 200 million years ago, tbe la^er part of the eastern third 
of the United States lay beneath a sballoiv inland lake. Vast 
swamps covered most of the region where Ohio, Pennsylvania 
and the Virginias are now located. Great quantities of lush 
vegetation grew up, died, and fell back into the swamps to form 
deep beds of peaL Subsequently, these peat beds were com- 
pletely submerged and covered deeply with deposits of sedi- 
ment that later were consolidated into rock. Tbe tremendous 
pressures of these overlying rock deposits on the peat trans- 
formed it into bituminous coal. 

By the time of the arrival of the blesoroic era the huge dino- 
saurs, crocodiles, and tortoises bad evolved. About the middle 
of this era, some 125 million years ago, the various types of 
giant reptilelike birds came into bemg. Bones of many of these 
long-e.vtinct animals are found from time to time in excavating 
the various sedimentary rock fonnations of that era, and many 
of these bones have been assembled in skeletal form in natural 
history museums. 

The dinosaur and other giant forms of animal life went out 
of existence sometime during the fatter part of the Sfesozoic 
era. The tendency toward gigantism during the early part of 
tiiat era and the disappearance of these enormous animals be- 
fore the end of the era remain to be explained. One suggested 
ansAver to their disappearance is that the predatory types of 
smaller mammals that evolved to take the place of these giant 
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lorms destroyed tlje latter’* e^a and young. In olljer vfords, 
llie dinosaurs were eidier too slugguli to protect tliclr eggs and 
young or else lliey had little or no parental interest in them. 

Insects, whicli had appeared in primitive form as far hack 
as tlie Carboniferous period of tlie Paleozoic era, possibly 225 
million years ago, developed In great variety and rmmljers dur- 
ing the latter part of the Mesozoic era. Tlie first snakes also 
evolved Uicn, as evidenced by fossil forma in the sedimentar)* 
rocks of that period. Flowering plants, trees, and grasses were 
well develops hy Uic end of lliat era. 

Tlie Cenozoic era, the one fn wliiclt we live, saw the develop- 
ment of the first primitive forms of apes, elephants, deer and 
horses into their present forms. Flowering plants dominated the 
vegetation. During the last million years of Oiis era, in what is 
known as the Pleistocene period, great masses of icc dial were 
many feet in thickness pushed southward from the Arctic re- 
gions. Tliese deep ice sheets, or glaciers, covered Uie whole of 
Canada and extended as far soutli as the Ohio River. And some- 
time during that period tlie forerunner of man appeared. 

Six successive invasions of the glaciers are recorded in the 
rock refuse that was left behind when the glaciers retreated 
after each advance. Tlie icc finally withdrew into the Arctic 
regions, beginning about eleven thousand years ago. Similar 
records of glacial invasions ore found in nortliem Europe and 
over die southern tip of South America. Variations in tempera- 
ture were the immediate causes of the advances and retreats 
of these glaciers. When the next invasion will occur, if ever, 
remains to be determined. Bui the evidence suggests that die 
climate of North America and of northern Europe may become 
much warmer than it is now before it becomes much colder. 

It is now necessary to return to the task of defining somewhat 
more exactly the conditions that existed on Earth during its 
earlier history in relation to those tliat now prevail. Two highly 
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important variables must be considered. These are the changes 
in climate that have occon^ over the billions of years of 
Earth’s existence and the dianges in elevation of the various 
parts of Earth’s crust. 

During the Carboniferous period of the Paleozoic era the 
most important coal deposits of Earth were being laid dora. 
During that period the climate of the regions irhere this was 
being done, including tbe east central portion of tbe United 
States, must have been eiroilar to that of the present humid 
semitropical regions. During Ute Plebtocene period of the 
Cenozoicera, beginning ahont 150 miHion years later, glaciers 
were advancing into and retreating from these same regions. 

Throughout the later eras of Earth’s history, after the solid 
crust had formed and the water bad settled into the vast depres- 
sions to become the seas that surrotmd the land, the elevations 
of the present land areas alternated behreen those far above 
(he level of the sea and those far beneath its surface. 

When the land ivas above sea level it was being subjected to 
tbe action of wind and water, aided by tbe abrasive action of 
sand and ice. The rock was expanding and contracting tvilh al- 
ternate beat and cold, resulting in its breaking to pieces. And 
the water that ran oS the land, actingon the underlj'ingrock and 
soil in association with the carbonic acid contained in it, was 
dissolving substances and carrying them out to sea. The sim- 
pler forms of plant life that came into existence excreted car- 
bonic acid Uiat etched the surfaces of the rocks on which they 
grew. Hjc roots of the larger plants shoved tlieir rvay douTi 
into the cracks of underlying rocks to expand them further. 
And when the plants died and dropped back to Earth the soil 
microbes that abounded fed on their remains, releasing strong- 
er acids, sucli as nitric and enlphuric, with still greater solvent 
eiTects on rock and soil- TJrus the land was leveled do^mward 
and the ocean floor was built up from the debris, including 
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great accumulations o{ some of the salts that had been dissolved 
out of soil and rock. 

Among tlie rcwk-derived sails in the sea were great quantities 
of calcium and magnesium carbonates that eventually settled 
out from the water and fell to the bottom where they were grad- 
ually solidified into limestone rock. Additional quantities of 
tliese carbonates were used in shell formation, such as are 
found in coral reefs. And when these vast deposits of limestone 
were subsequently shoved up out of the sea they formed a high- 
ly important underpinning for the soil tliat was formed out of 
the top layers and left behind as a deposit on the surface of the 
still unaffected limestone rock beneath. 

The land itself and the floor of the surrounding sea were 
being raised and lowered over great distances as a result of 
catastrophic happenings inside Earth over very long periods 
of time. Consequently, the deepness of the sea and the distance 
from the shore of any given spot varied greatly from lime to 
time. Near the shore, sand dqwsils were being laid down, and 
these were ultimately consolidated to form sandstone. Fartlier 
out from the shore, clays were being deposited, and these ultl* 
malely became shale. And still farther out, Uie salts of which 
limestone was made were being deposited on the bottom of the 
sea. Since tlie depths of the sea were quite variable over long 
periods, sandstone may hare been formed at a giren location 
at one pcrio«l, shale at another, and limestone at yet another. 

Once these deposits were laid down on the ocean floor, con- 
solidated into rock, and then elevated above the level of tlie 
sea by some titanic subterranean force to become dry land, they 
were available for viewing when exposed, os on the sides of a 
canyon or of a cut along a railroad right of way, or in a quarry. 
And when they are examined in such locations, successive lay- 
ers, or strata, of limestone, sandstone, and shale arc found on 
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top of each other, these strata Tarying behveen a few inches 
and many feet in tliickness. 

Beneath the relatively thin layer of soil that now covers the 
larger part of Earth’s surface are the various kinds of rock 
from which soils were formed. For the most part these under* 
lying rocks are the sedimentary types, but here and there they 
are the igneous types. During the Ice Age, rock debris of both 
the sedimentary and igneous types were intermingled as the 
tops of hills were tom away and the valleys were filled in. Large 
quantities of this mired nxi debris were left l?ehind in ivbat 
are known as tenninal moraines. These ate long deep ridges 
of large rocks, stones, gravel, sand, and rock flour extending 
east and west across the north central part of the United States. 
They mark the line where the ice was being melted as fast as it 
advanced southward, its rock burden being piled up continu* 
ously as the melting look place. 

Over all these millions of years soluble salts were being dis< 
solved out of the rocks and soil and these were accumulating in 
the surrounding seas. Some of these salts separated out and fell 
to the ocean floor. Others of these salts remained dissolved in 
the ocean water. From place to place arms of the ocean were 
cut off from the main body of water, the water evaporated, and 
the salts were left behind as while deposits. Later many of these 
deposits were covered over iritb rock and soil, often to a depth 
of several thousand feet. Most of the common salt that is used 
for seasoning food and the potash salts that are used for fer* 
lilizing purposes come from auch underground deposits. The 
present ocean water contains about 3.5 per cent by weight of 
salts, of which common salt constitutes about 75 per cent. 

Although the atmospheric elements lend to level the moun* 
tains and fill up the seas, mndi of land still stands high above 
the lei'cl of the ocean. The highest land elevation in the United 
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Stales, the top of Afount Whitney, is 14,495 feet above sea ierel 
and the highest in the world, thetopof Mount Everest is 29,000 
feet above it. Similarly there are great deptlis to the sea in some 
locations, the deepest spot, about 35,000 feet, being found 
just off the island of Mindanao, one of the Philippines. Some 
of the land in the interiors of the continents is lower than the 
surface of the sea. Thus Death Valley in California is 280 feet 
below sea level and the shore of the Dead Sea, between Jordan 
and Israel, is 1,290 feet below it. 




LEGEND has it that Atlantis, an island that was larger than 
Asia Minor and Libya with an archipelago of many lesser is- 
lands existed same twelve thousand years ago in the Atlantic 
Ocean just beyond the Pillars of Hercules at the Strait of Gi- 
braltar. The armies of this once great nation were said to have 
overrun the region around the Mediterranean Sea for a long 
period. Plato wrote a history of Atlantis, recording that it had 
been engulfed by the sea following a terrific earthquake. Mon- 
taigne believed this and so did Voltaire. 

Wliether Atlantia ever existed and whether it disappeared 
beneath tlie sea or not — and the evidence indicates that it did 
not — other lesser areas of land are known to have suddenly 
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disappeared from above the surface of the sea. The northern 
part of the island of Krakaloa in the East Indies, including its 
highest peak, Avas blown into the sea during a terrific explo- 
sion in 1883. Some of the islands of tlie ocean are merely the 
tops of mountains that once stood high above the water sur- 
rounded by considerable areas of lower-lying land. At one time 
a strip of land extended across what is now the Bering Strait 
from Alaska to Siberia, aciois which men and animals could 
pass at will. Out in the Atlantic Ocean what is known as the At- 
lantic Ridge extends from Iceland soutliward to the Equator 
and beyond for a total distance of some ten thousand miles. It 
rises from five to ten thousand feet above tlie ocean floor, hut 
the top of tlie ridge is still a mile below sea level. There is good 
reason to believe that this may once have been dry land. 

In certain parts of Earth the edges of the mainland are be- 
ing slowly engulfed by the seas along tlie shores. Long Island, 
New York, for example, IS known to be sinking at a rate of about 
two feet a century. The level of the land In Florida has been 
lowered at a rate of about three and ©ne-half indies a year dur- 
ing the last fifteen hundred years. Most of continental United 
States, except for the part that is located north of a line drawn 
from Boston to Chicago and westward, is slowly sinking with 
reference to the level of tlie sea. Part of the explanation for 
this, however, may be found in rising sea levels. 

If the glaciers of the Arctic regions, which now are virtually 
dormant, should grow and expand as far south as they did dur- 
ing the Ice Age, with a wall of ice that rose at some points to a 
height of two miles or more, Uie level of the water in the ocean 
might Well be lowered three to four hundred feet, as more of 
the water that evaporated from the sea and fell on the land as 
rain was transformed into ice and added to that already there. 
This would result in exposing large areas of new land along 
the present ocean shore. Even as matters now stand, the level 
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of the water in the ocean is measurably lower in the spring than 
in the fall. 

Land as we now know it is that part of Earth’s surface that is 
exposed above Use leA'cl of the sea. Vast areas of it are relatively 
lo’el plateaus, plains, and prairies. Other great areas are roll- 
ing to hilly. And much of the land is covered irith high moun- 
tains. Then there are many low-lying swampy areas in which 
any rain that falls locally or on surrounding higher lands tends 
to accumulate. Some of the dry land lies below sea level, 
hemmed in by higher land bctin'een it and the ocean. Part of the 
Imperial Valley of California, for example, is more than 
hundred feel below the level of the Pacific Ocean, which is less 
than t^s'o hundred miles away to the west. 

Land has no fixed boundaries. Tides come and go. Waves are 
constantly bslteriog the coasts. The great contlneotal expanses 
of land are being continuously worn down by wind and water. 
The United States of America, for example, is bemg denuded 
at an estimated rate of one inch every 760 years. The rock and 
soil that are thus being carried doivnhill Inm higher to loiver 
levels are being deposited in part on top of other low-lying 
rock and soil. But much of this material is being carried com- 
pletely off the land by way of the rivers and piled up at their 
mouths to form wide expanses of new land that eventuallj* can 
be put to use. Very large areas of such Bediment-built della 
lands are found at the mouths of the Mississippi, the Amazon, 
and the Rhine Rivers, to roentioo only a few. 

New land is continuously being formed along the ocean 
shores by coral, in association with other marine forms of life. 
These coral reefs and atolls sen'C as collecting points for rock 
and soil sediments, often growing into considerable areas of 
land on which the large plants of the nearby body of drier land 
finally become established. The coral-formed Great Barrier 
Reef along the northeastern coast of Australia is about one 
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thousand miles long and has a vridth varying between ten and 
twenty miles. 

Large areas of land have been reclaimed from the sea by 
man in a number of countries. The best examples of this are 
found in the Netherlands, where aucli land-reclaiming opera- 
tions have been under way since the sixteenth century. Over 
500,000 acres have been added to the agricultural land of that 
country by such procedures. The land was diked off from the 
sea, and pumps were employed to remove die sea water and 
any excess water that fell as rain. Soluble salts left behind in 
the soil from sea water ivere carried off with the water during 
these pumping operations. After four or five years of these and 
other procedures, what was once sea bottom sediment became 
sufficiently free of sea salts to permit its being put to intensive 
agricultural use. 

The land area of Earth is estimated at around 56 million 
square miles, or nearly 36 billion acres. This total area of land 
is only 28 per cent of the total surface area of Earth, the other 
72 per cent being covered by sea water. And even within any 
given national or continental unit of land, a considerable por- 
tion is covered with water. Thus the total area within the main- 
land forty-eight states of the United Stales of America is 1,934 
miUioR acres, hut 1.5 per cent of this, or 29 million acres, is 
fresh-water surface. 

Asia constitutes about 30 per cent of the total land area of 
Earth; Africa, 21 per cent; North and Central America, 16 
per cent; and South America, 12 per cent. Of the remainder, 
about 8 per cent is in Antarctica, 7 per cent in Europe, and 6 
per cent in the islands of the oceans. 

The larger part of this vast area of land is essentially useless 
in terms of agriculture. Mnch of it b overlain with sand, gravel, 
or solid rock. A great deal of it is so mountainous as to be vir- 



The Land oh Which We Live 

taally inaccessible to man. Lai^e portions are s^vamp that is 
covered with almost impenetrahle vegetation, as in the Amazon 
River Valley. StiU larger portions in the polar regions are bur- 
ied in snow and ice the year round. The subsoil of other large 
areas is permanently frozen, only the surface soil being thawed 
out sufficiently during the short siunmer seasons to permit 
the growth of vegetation, and tliis in only relatively limited 
quantities. And about 35 per cent of the land area of Earth is 
semiarid, arid, or desert. 

Of the 33,000 miUion acres of actual land accounted for Ly 
the World Food and Agricultural Organization, about 3,000 
million acres is being used for the prodnction of food and fiber 
crops. Ihis cropped land is the part that is most favorably lo- 
cated with respect to climate and topography and to conven- 
ience of access. Of the remaining 30,000 million acres, 5,300 
million is in meadow and pasture, 8,700 million in forest and 
woodland, 1,000 million is unused but potentially productive, 
and 15,000 million acres Is waste or built-over land. 

Some 7,000 million acres could be put under cultivation. But 
to fit the extra 4,000 miUion acres for use in growing food and 
fiber crops would require large expenditures. The land would 
have to be cleared of brush, shrubs, and trees, drained or irri- 
gated, or otherwise developed for fanning by contouring or 
terracing, depending on tbe conditions that noiv prevail. These 
are often very expensive operations. Nevertheless, given time, 
the advantage of power machinery, and the will of the people 
to do tile work, all of these iinproveiaents could be effected. 

Some of this newly developed land would be as productive 
for grains and fibers, fruit and vegetables, sugar and alkaloid 
plants as that now being devoted to the production of these 
crops. But much of it would be far less productive. The cost per 
acre of operating large areas of this land would be relatively 
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high. Bui if all of it were developed to a reasonably high slate 
of production, it could be made to support a population several 
times that now inhabiting Earth. 

In increasing agricultural production there is usually a 
choice between expanding the acreage that is being farmed 
and raising acre yields on that already in crops. The former 
is classed as horizontal expansion and the latter as vertical ex- 
pansion. Taking both possibilities into consideration, the op- 
portunities for increasing food and fiber production are very 
great indeed. 

In addition to the 7,000 million acres of land that are now be- 
ing plowed or that could be put to the plow, there is another 
10,000 million acres or more tliat are being or could be used 
for grazing and forestry. Included among tlie grazing lands 
are the hilly to mountainous areas that have sufficient rainfall 
to support a good grass cover and that are accessible for sucli 
use. And there are large expanses of semlarid land that receive 
enough rainfall to support a sparse growth of grass and edible 
shrubs. Much of this land is now being overgrazed, notably in 
areas where sheep and goats predominate. This applies par- 
ticularly to the Mediterranean countries and to the Near East. 
By controlled grazing and better systems of pasture manage- 
ment, the productive capacity of mud) of this grazing land 
could probably be doubled. 

Much of llie 8,700 million acres of land no%v in forest and 
woodland has no management whatever applied to it, except 
that of nature herself. By constructive intervention on the part 
of man, such as has long been practiced by the more progres- 
sive nations of Western Europe and is being put into operation 
on an ever larger scale in North America and in other parts of 
the world, the yields of tltese forests could be greatly increased. 

Grasslands and forests have value not only for the grazing 
and wood they produce but in preventing loss of soil in the run- 
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oS, protecting the land against the erosive action of tvind, and 
adding to Uie aestlietic enjoyment of the people who pass along- 
side or walkthrough them. Muchof tire land tliat is being grazed 
or is growing trees ser^’es as a reserve that can Be put to the 
plow in case of need. And, in case of emergency, wood can be 
processed into quite satisfactory feed for livestock and even 
into food for man. 

About 40 per cent of Earth's total land area, or some 13,- 
000 million acres, has little or no vegetative cover. This is 
largely because Ute climate under which this land is located 
is either too dry or too cold to permit any very great amount of 
plant growlli. In some cases, however, it is because the land is 
too wet or the climate too hot. Included in this nonproductive 
land are the many acres that are being used for industrial, city, 
highway, and similar purposes. 

Irrespective of its character or tlie nature of its environment, 
lend provides a stable location on whicli man can live and from 
which he can operate in developing a satisfactory means of 
livelihood for himself and family. Having estahlished himself 
on Uie land, the coal, oil, gas, and mineral wealth tliat lies bid- 
den beneath the surface is his to search for and, having found, 
to make use of as he sees fit. The water that surrounds the land, 
theair and spaceabove it, the sunshine and rain that fall on it, 
and any produce that grows from it are at his disposal. 

Virtually all land has possibilities foe development in one 
way or another. Deserts can be irrigated, and the quantity of 
water currently at man’s disposal for tliis purpose ^vi^ be ma- 
terially increased in due time- Eroded lands can be brought 
hack into use. Irregularly surfaced lands can he leveled. Hill- 
sides can be fanned on the contour and terraced. Swamps can 
be drained. Jungles can be cleared- And crops can be developed 
by breeding and selection to withstand much greater extremes 
of drouth, wetness, beat, or cold. 
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Some of the deserts are underlain with mineral wealth. The 
flat gray*brown desert region extending north and south for 
some 450 miles in the northern part of Qiile has long been 
worked for nitrate for fertilizer purposes. The width of tliis ni* 
trate deposit area, known as the “Pampa,” varies between ten 
and fifty miles. Shipments of nitrate from tliis area have totaled 
over 130 million tons and the present rate of production of 
around two million tons a year can be maintained for another 
century or more. Much of the petroleum of the world comes 
from desert regions such as those of Iran and Saudi Arabia. 
Increasing quantities of petroleum are now coming into the 
world market from beneath the Sahara Desert in Algeria. 

The final factor that determines how far man can go in d^ 
veloping the land resources of Earth is thequantity of the vari- 
ous types of energy at hisdisposal.The desert has its own source 
of energy in the bright sun that shines on it the year round. This 
sunshine has much greater possibilities for use than are now 
being realized. Flowing water, wherever it may be, can be put to 
use for power purposes. The world’s coal, petroleum, and oil* 
shale resources are very large indeed, and more remains to be 
discovered. And the potentialities for the use of nuclear energy 
are much greater than all the rest combined. Assuming the de- 
velopment of all these energy resources to the extent now 
thought possible, a great many more tilings can eventually be 
done to bring what is now essentially waste land into some 
type of useful production. 

Waste land may have great value separate and apart from 
the growing of food and fiber crops or the development of un- 
derground mineral, coal, gas, and petroleum resources. The 
mountains, the sivamps, the frozen lands, and the deserts, like 
the sea, have great value in tenns of open space, ivhere man is 
free to roam at will. They provide vast reaches of territory to 
be explored, even if only for the sake of satisfying some inner 
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urge of man. And they offer great relief from the cares of every- 
day life. Many people are greatly oppressed by the crowds on 
city streets, the ever tightening space in the suburbs, and the 
ever-more-hurried traffic on the highways. 

The untamed lands of Earth ate a paradise for the traveler, 
the hunter, the Bsherman, and the lover of wildlife, whether 
plant or animal. A tnountainisa delight to the man who wants 
to dimb it, whether merely for the sake of proving that he can 
do it or for the purpose of satisfying his curiosity' about ivhat 
is on the other side. The jungle and the desert have great appeal 
to those rvho enjoy the harsh struggle for survival that ensues 
when man pits his energies against the wild. And many explor- 
ers have suffered great hardships just to get a glimpse of the 
Arctic and Antarctic regions. The pioneers who took the Ameri- 
cas away from the Indians were that kind of people. No doubt 
the great urge of man to explore outer space finds its inception 
in an unborn but possibly unrecognized desire to escape from 
the ever growing pressures of out modem civilization. 

Until quite recently, the pressures of groiving populations 
rrere overcome by war, famine, and pestilence. Now that sudi 
catastrophes are, in exer larger degree, being brought under 
control, other means of release from these pressures are being 
sought. As a result the imagination of man has tended to ex- 
pand farther and farther oat into the unexplored land re^ons 
of Earth, tlie great expanses and depths of the sea, and the vast 
reaches of space. Be feels entitled to the hope that he may be 
able to explore not only what lies beyond the horizon but what 
exists throughout the solar system and possibly far beyond it. 

Retuming to Earth, its land area as a whole would appear 
to be sufficient to provide living space in abundance for all tbe 
people now at hand and for many billions more. On the aver- 
age, every person on Earth now has orer ten acres of land at 
his disposal. Yet averages are highly misleading. In Japan the 
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land area per person is only a liltle over one acre. In the Neth- 
erlands it is only four-fifths of an acre. And in the great cities 
of Earth, the area per person is measured in square feet. 

The land resources of Earth are now quite well mapped, al- 
though many regions have never been fully explored. One rea- 
son for this was the discovery of the Americas by Colorabus in 
1492, which opened up a whole new hemisphere for explora- 
tion and development and attracted the attention of people from 
all over the world. For a time explorers were held back by the 
Indians, but pioneer pressures were so great that the Indians 
eventually had to yield. In spite of many disastrous happenings 
in connection with Uie exploitation of North, Central, and South 
America, the people of Europe quickly overran the entire hemi- 
sphere. The populations tliat were soon built up in the New 
World were not at any great expense to those of the Old World. 
The conditions for human reproduction were so favorable that 
rapid increase in numbers took place. 

The United States of America provides on interesting ex- 
ample of the rate at which the land area per person decreases 
in a new world under conditions of a free society. EacJ: of 800,- 
000 Indians who inhabited what is now the mainland of tins 
country when the first while man arrived on the scene had some 
2,400 acres of land at bis disposal. He and his fellows were 
free to roam at will over large areas of plain, prairie, plateau, 
mountain, desert, and valley, subject only to such limitations 
as were imposed by tiei^boring tribes. That was the situation 
when the first permanent English settlement was established 
at Jamestovm, Virginia in 1607. 

By 1706, the year Benjamin Franklin was bom in Boston, 
the white population of this country had grown to an estimated 
1,000,000, and the land area per person was about nine- 
teen hundred acres. When Thomas A. Malihus’ famous “Essay 
on the Principle of Population,” which dealt with war, famine. 
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and pestilence as the only dependable controls for population, 
was published in 1798, there were 5,000,000 white people in 
this country and the land area per person had been reduced to 
shout four hundred acres. When, one hundred years later. Sir 
WilHam Crookes addressed the British Association for the Ad- 
vancement of Science on “Wheat," dealing with the problem 
of providing larger quantities of nitrogen fertilizers so that 
more wheat could be produced for the benefit of the wheat-eat- 
ing peoples who then dominated the world, the population had 
growm to 75,000,000 and the land area per person had dropped 
to twenty-five acres. By I960 the population had grown to over 
180,000,000 and the area per person had been reduced to less 
than eleven acres. By the year 2000 the population of the 
United States is expected to be over 300,000,000 and the land 
area per person will be reduced to a little over six acres, includ- 
ing each person’s share of mountain, swamp, and desert. 

The mainland of the United States has a land area of 1,905 
million acres. Of this about ISO million acres is desert, with 
an average annual rainfall of less than ten inches. Much of this 
desert is essentially devoid of v^elation. The remainder is 
covered with cactus and a variety of other virtually useless 
tj'pfcs of vegetation. Lying east of this desert, an area thirty 
times that of the state of Ifew Jersey, is 600 million acres of 
land under a semiarid climate with an average annual rainfall 
of ten to twenty inches. Still farther east is an additional 300 
million acres of land under semihumid conditions of liventy 
to twenty-five inches of rain per year. Here grain is being 
groim, with high acre yields In years of average rainfall or 
above and virtually no yield in years of drouth. 

Some 27 million acres of these desert, arid, and semihumid 
lands isunder irrigation. Enoufji more water is in sight for tivo- 
thirds that many million acres mote. But over half the land area 
of tlie Unltftl States is still too dry for dependable production 
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of han’csted crops. Tlie ** l>cmg used for 

grazing, on average of about seventy-five acres being required 
to support each steer or its equivalent weight of other forms of 
livestock. As matters now stand, the primary burden in feeding 
the people of the United States mamtond rests on Uie more level 
portions of some 900 million acres of land, including about 
850 million acres in the more humid regions and 45 million 
acres tfiat is being or can be irrigated. 

Tiic one hundredth meridian U essentially Uie dividing line 
between tlie more favorable crop-growing region of eastern 
United States and (lie drier region to llie west. 'Hiis line extendi 
southward across the central part of the Dakotas and Nebraska 
and somewhat west of central Kansas, Oklahoma, and Texas. 
Another smaller but highly important crop-producing area of 
adequate rainfall is found along tlie Pacific Coast, between the 
Cascade Range of mountains and the ocean. 

Some 350 million acres of land in the United States is now 
being devoted to the production of han'ested crops. Additional 
large acreages of cropland are temporarily in fallow, cover 
crops, or pasture, or they are lying idle. The total available 
cropland in 1960 was estimated at about 463 million acres. 
Wlien tlie need arises, some CS million acres of plowable pas- 
tureland, 18 million acres of irrigable arid land, 40 million 
acres of drainable wet land, and 100 million acres of woodland 
and forest land can also be put to the plow. Looking farther 
ahead, large acreages of salty marshland along our coasts 
could probably be pul to agricultural use by diking, pumping, 
and otherwise preparing it for use. Additional land may some- 
day be reclaimed from the rea along our shores, as the Dutch 
have done. Taking all these possibilities into consideration, it 
seems reasonable to believe fiiat some 700 million acres of 
potentially well-watered land on the mainland could ultimately 
be brought into the production of harvested crops. 
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The land resources oJ jUaska, the fort 7 -mDth state, con- 
stitute an additional 365 millioa acres. With a present popu- 
lation of 200,000, the land area per person is almost identical 
to that the Indians originally enjoyed on the mainland. But the 
evidence indicates that Alaska has much greater value for 
strategic military purpose, for its limber, oil, and mineral re- 
sources, and for recreational uses than it has for agriculture. 
Willt further industrial exploitation, Alaska is likely, on bal- 
ance, to become a food-unporttog state. Hawaii, the fiftieth 
state, has a land area of only four million acres. With a popu- 
lation already exceeding one-half million, its net agricultiu-al 
contribution to the other peoples of the United Slates wU be 
relatively small in comparision to that of the mainland. 

On the maioland good agricultural land is being lost to fac- 
tories, cities, suburban developments, highways, and recrea- 
tional areas at a rate of over one millioa acres a year. And the 
wind and water that are permitted to erode la^e areas of pres- 
ently and potentially useful cropland are causing great dam- 
age, often beyond the point of repair. These losses of agricul- 
tural land are receiving the attention of conservation agencies, 
the largest being the federal Soil Conservation Service, which 
is closely allied to the Soil Conseivalion Districts. In an in- 
creasing number of localities, zoning commissions and similar 
agencies are now actively engaged in trying to prer’Cnt the use 
of good agricultural land for nonagticultural purposes. 

On tlie other hand, industrial de^•elopmenl has also been re- 
sponsible for the restoration of large acreages of first-class 
farming land to food production. When tractors and automo- 
biles replaced some twenty million horses and mules, it was 
no longer necessary to devote large acreages to growing the 
grain and hay that irere needed to feed these work animals. 
And when the cotton used in the manufacture of clothing and 
for many other purposes was ertensively replaced by synlhel- 
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ic fibers, still more land became available for food produc- 
tion- Large-scale synthesis of air-nitrogen fertilizers also re- 
leased land on which food could be grown, it being no longer 
necessary to grow such extensive acreages of clover and other 
legumes to collect nitrogen from the air. Other technological 
advances will undouhledly be instrumental in making still 
more land available for food production. 

Ways and means designed specifically to transform non- 
agricultural land into agricultural land are being developed. 
Soil-moving equipment is being used on an ever larger scale to 
level land, fill in gullies, and improve land contour. Mesquite 
and other shrubs and browsearc being uprooted from the soil by 
huge crawler type tractors with heavy blades that, in one opera- 
tion, open up the land to a depth of a foot or more and drop 
of improved grasses over the upturned soil. A great deal of 
attention is being given to the possibilities of making it rain 
where more rain is needed and to reclaiming is-ater from tb« 
sea for irrigating mote arid land. 

The land areas of Earth constitute a highly important natur- 
al resource. If adequately cared for, they can be made to pro- 
duce food and fiber in abundance in perpetuity. Primitive man 
gave little thought to the land. Nature provided virtually every- 
thinghe needed in abundant supply. And this was without effort 
on his part, save the plucking of the fruit from the shrubs, 
vines, and trees and the galliering of the grain that grew without 
his help. He could make use of natural caves and the boughs 
of trees in providing shelter from the elements. He could wan- 
der from place to place according to his desires. His primary 
problem was tliat of protecting himself and family from other 
wild men and from tlie wild beasts tliat abounded. 

Man had tlie advantage of a brain that could be and was de- 
veloped to make him the dominant form of life. In due time he 
and his neighbors gathered ti^ether with groups for self-pro- 
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lection. ErentnaU y» ihesc groups grew into communities, states, 
and nations, trith boundaries that were defended. From then 
on, subsistence came mostly from within these boundaries. 

As the population grew trithtn any such land unit and there 
tras less freedom of raorement, a point was finally reached at 
which more food had to be provided than the land could pro- 
duce in its natural state. So, some nine thousand years ago, do- 
mestication of trild plants and animals was begun. Land was 
cleared, worked with a forked slick, and planted to grain. Then 
itbecamenecessary to care for this land to the end that it could 
be used year afleryear for crop production. 

The recorded history of cropped land began ^rith two great 
civilizaUons that dcTcloped, first in the valleys of the Tigris 
and Euphrates rivers of Iraq and later in the valley of the Nile 
River in Egypt. These civilizations were founded in arid re- 
gions, except for the valleys through which the riven flowed 
and over which they poured their life-giving ^valers in time of 
flood. The water in these rivers originated far upstream in 
mountainous regions of high rainfall and heavy forests. The 
floods were gradually brought under control by the develop- 
ment of extensive systems of dams and irrigation canab. 

Today, neither of these nations enjoys the prominence it 
once did. A great variety of explanations have been offered for 
this slow progress. First, it was tno%vn that the great prosperity 
of these early peoples aroused the acquisitive instincts of sur- 
rounding warring tribes. Both nations were repeatedly over- 
run by marauding armies during the course of their histories. 
The land was laid bare and the cities were destroyed. But the 
people recovered. Irrigation systems were repaired. Crops 
were again planted. Cities were rebuilt on top of Uie remains 
of the old ones. And these nations went ahead willi renewed 
energy after each catastrophe. Yei a point was finally reached 
at which full recovery and quickly rene^ved advance after an 
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anned invasion laileJ to take place. Today these once great 
nations are of more interest because of the immensity and high 
quality of the ruins of the civilizations that once were theirs 
than because of the agricultural and industrial prowess they 
now possess. 
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He ieho with pocket hammer smites the edge 
Of luckless rock or prominent stone, disguised 
In sieaiher stains or crmted o’er by Nature 
fTith her first growth, detaching by the stroke 
A chip or splinter, to resolce his doubts; 

And, with that ready answer satisfied 
The substance classes by tome barbaroat name. 
And harries ors; or from the fragments picks 
His specimen, if not haply interveined 
With sparkling mineral, or should crystal cube 
Lurk in its cells, and thinks kimselj enriched. 
Wealthier, and doubtless wiser, than before. 


Chapter Four 

OUR GRANITE BASE 


VULCAN, the Roman god of fire in its most sinister aspect of 
devouring flames, and Pluto, the Greek god of the infernal re- 
gions to which the damned were doomed, are identified in the 
names of tlie igneous rocks that were formed ^vhen Earth soli- 
dified from its original completely molten stale, tlie words vol- 
canic and plutonic being used to designate the t^vo great groups 
into which they are divided. The temperatures of the molten 
masses from whicli these rocks were formed must have been at 
least 1,250*C., or nearly 2,300*‘F. 

Most of the rock that one sees about him is far removed in 
character and appearance from that of the original volcanic 
and plutonic types. About three-fourths of the land surface of 
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Earth is overlain by sedimentary rocks, beneath the covering 
layer of soil. These sedimentary rocks u'ere formed out of ma- 
terials that were derived from the original igneous rocks but 
that had undergone great changes in the weathering process. 

The volcanic rocks now found exposed from place to place 
over the surface of Earth were formed from moUen matter that 
was forced upward from depths of two to t'venty miles below 
the surface and that tv’as spread out over the surface, covering 
whatever ^vas there before- These volcanic masses cooled rapid- 
ly to form rocks that had mostly a piunice structure or a glassy 
obsidian structure, any associated gases escaping into the at- 
mosphere before the mass solidiBed. 

The plutonic rocks were formed deep down below the surface 
where die molten matter solidified much more slowly; most of 
the gases vrere retained, and a definite crystalline structure, 
which differed greatly from that of pumice and obsidian, de« 
veloped. These plutonic rocks are commonly known as gran- 
ites. And such granitic rock constitutes a substantial base be- 
neatli all the other kinds of rocks that are found on or near the 
surface of Earth. 

Granite makes up a large part of the interiors of many moun- 
tains. These mountains may have been formed by a tremendous 
upheaval of granite from deep down in the interior of Earth. Or 
molten rock from which granite was subsequently formed may 
have moved upward to fill in the rock voids after some gigan- 
tic force had shoved the surface rocks to a much greater height 
than they originally occupied. 

Since granite is formed far below llie surface rather than 
near or on it, some type of drastic erosion had to operate before 
the granite came into view. But time, in billions of years, was 
at Earth’s disposal. And such erosive forces as heal and cold, 
Vi-ind andvfater, and sand and ice liave operated overlong peri- 
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ods of lime to remove the overlying burdens of volcanic and 
sedimentary rocks to expose large expanses of granite. 

The word granite is here employed to cover all forms of plu- 
tonic rocks, ivhether they are true granites as defined by the 
^ologlst and mineralogist or noL Bat about 90 per cent of the 
plutontc rocks are true granites. And the term granite has come 
to stand for something very substantial. Thus the Dartmouth 
College song says of its students: “lliej' have the still north in 
tlieir hearts, the hill ^vinds in their veins, and the granite of 
New Hampshire in their muscles and their brains.” New Hamp- 
shire is knorvn as llie "Granite State,” a great deal of this kind 
of rock being exposed or being readily within reach by quarry- 
ing inside its borders. 

Large masses of granite are now open to vie^r in many parts 
of Earth. Stone Mountain, Georgia, is a mass of granite seven 
hundred feet high and seven miles in circumference, on the face 
of which a giant figure of Jefferson Davis, president of the 
southern Confederacy, has been hewn. An exposure of granite 
extends from the Canadian border northward into Alaska for 
a distance of 1,100 miles and a width of 80 to 120 miles. In the 
southeastein part of Ireland is a mass of granite seven hundred 
miles in length and behveen seven to seventeen miles in width. 
Aherdeen, Scotland is known as the “Granite City.” 

Huge granite boulders, derived from plulonic rocks in Cana- 
da that were uncovered and broken up by the glaciers of the 
Ice Age, are widely scattered about over the northern part of 
the United Statesalongthesouthem terminal of the glacial ad- 
vance line extending from Long Island, Nmv York across Penn- 
sylvania into soqlhem Ohio and on northwestward across In- 
diana, Illinois, Missouri, and Iowa to Nebraska, the Dakotas, 
and Montana. 

The word granite is derived from the Latin granum, meaning 
“grain.” This refers to the visible crystalline structure of 
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ods of time to remove the overlying burdens of TOjcanic and 
sedimentary rocks to expose large expanses of granite. 

The word granite is here employed to cover all forms of plu- 
tonic rocks, whether they are true granites as defined by the 
geologist and mineralogist or not. But about 90 per cent of the 
plutonic rocks are true granites. And the term granite has come 
to stand for something very substantial. Thus the Dartmouth 
College song says of its students: “They have the still north in 
their hearts, the hill winds in their t-eins, and the granite of 
New Hampshire in their muscles and their brains.” New Hamp* 
shire is knotvn as the “Granite Stale,” a great deal of this kind 
of rock being exposed or being readily tvithin reach by quarry- 
ing inside its borders. 

Large masses of granite are notv open to view in many parts 
of Ear^, Stone Mountain, Georgia, is a mass of granite seven 
hundred feet high and seven miles in circumference, on the face 
of tvhich a giant figure of Jefferson Davis, president of the 
southern Confederacy*, has been hewn. An exposure of granite 
extends from the Canadian border nortliward into Alaska for 
a distance of 1,100 miles and a width of 80 to 120 miles. In the 
southeastern part of Ireland is a mass of granite seven hundred 
miles in length and bctiveen seven to seventeen miles in width. 
Aberdeen, Scotland is known as the “Granite Gty.” 

Huge granite boulders, derived from plutonic rocks in Cana- 
da that were uncovered and broken up by the glaciers of the 
Ice Age, are widely scattered about over the northern part of 
the United States along the southern terminal of the glacial ad- 
vance line extending from Long Island, New York across Penn- 
sylvania into southern Ohio and on northwestward across In- 
diana, Illinois, Missouri, and Iowa to Nebraska, the Dakotas, 
and Montana. 

The word granite is derived from the Latin granum, meaning 
“grain.” This refers to the idsible crystalline structure of 
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granite and to the manner in which the mineral crystals are fit- 
ted together in tlie rock. Tliese crystals, forming slowly, gre^f 
into well-defined forms that are cliaracteristic of the several 
minerals. They can usually he identified witliout the use of a 
magnifying glass, especially from a freshly broken surface. 

Four types of minerals make up the largest part of every 
piece of granite. Usually about 60 per cent of granite is ortlio- 
clase or some quite similar mineral, 30 per cent is quartz, and 
the remaining 10 per cent is made up of darker-colored miner- 
als of which biotite and hornblende are examples. Granite is 
usually flesh-colored, but It may also l)e white with black crys- 
tals intermingled. 

TIhs dark minerals crystallized firei. Being still surrounded 
by molten matter and, in fact, dissolved in it, they were free to 
grow into beautiful crystalline forms. Tlie orllioclase then be- 
gan to crystallize, but under somewhat more constricted con- 
ditions, so the crystals are not quite so perfect. Finally, the 
quartz crystallized into whatever space remained in the now 
nearly solid rock. Its crystals, therefore, were much more ir- 
regular in form, developing Into an interlocking arrangement 
witli the other mineral crystals. This gave the granite not only 
its granular structure but the rigidity and toughness for which 
it is noted. 

The many varieties of granite differ greatly, depending on 
the differences in nature of the molten material from which 
they were formed. Also, there arc many other closely related 
kinds of plutonic rocks. And the volcanic rocks that were form- 
ed under more rapid cooling on the surface of Earth are quite 
similar in make-up to the granites. They may, however, con- 
tain more of some elements and less of others, and they general- 
ly exist in noncrystalline form, although mineral crystals have 
been formed in some of them. 

Granite, the typical cxampleafplutonicigneousrock, is well 
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quartz And die sulubtlumg effects oi water were materially 
increased by die presence m it of carbonic acid dial came down 
dissolved in die water asu fell from die sby as ram Tins wamr 
also contained some active mine acid diat had been formed as 
a result of lightning discharges la the atmosphere vVnd when 
die ram reached die soil it picked up additional acid, sucli as 
the sulphuric acid diot is formed during die hreakdow n of mm 
era! sul&dcs in certain types of rock. P) rites, from whidi large 
amounts of sulfuric acid hate been and are being made by 
factory procedures, is a good example of such a mineral sulfide 
As a result of diia dissolving process, the rale of which in 
creased vviUi the amount of mineral surface exposed by dis 
integration of die rock, die orlhoclasc was robbed of most of 
ltd potassium, wlucliw as earned away in solution mUie dram 
age water and dumped mio die sea The part Uiat remained of 
the ortliodase went to pieces to fonn the finely divided cla), 
die material diat gives sot) lU sticky feel And large amounts 
of diis clay, a virtually insoluble substance, w ere earned out to 
sea in suspension In due time this suspended clay fell to the 
bottom of the sea where it built up mlo deposits that later were 
solidified to form slialc 

Biotitc, a still more complex mincrol silicate, contains not 
only die elements dial go into the making of orthoclase but some 
additional magnesium and iron as well A much softer mineral 
than orthoclase, it is much more readily reduced to clay, with 
loss not only of its potassium in the drainage water but of its 
magnesium as well Most of its iron remained behind as a con 
stituent of the clay that was either earned out to sea m suspen 
Sion or became a part of the soil that was formed 

Hornblende, another complex mineral silicate, contains cal 
cium and magnesium ui place of the potassium that is found m 
ordioclase, and iron instead of aluminum In breaking down 
to form soil it yielded a somewlial different type of clay as it 
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released most o{ its calcium and magaesium to the drainage 
^irater and to the sea. It was tliis calcium and magnesium, plus 
that released in the breakdou-n of other similar silicate miner* 
als, that \vas joined to the air-derived carbonic acid in sea water 
to form the vast deposiU of calcium and magnesium carbonates 
that were laid doitm in the deep sea and later consolidated into 
limestone rock. 

Startingsvith granite and related igneous rocks, the end point 
was soil, consisting of coarse quartz-sand particles, bnelf di* 
rided sUicate-derii^ clay partides, and iotennediate-sized 
silt particles of variable make-up, plus the soluble salts. Some 
of the sand, silt, and clay and most of the dissolved materials 
were carried out to sea. That which remained as soil was vir- 
tually insoluble and essentially indestructible. 

Small quantities of a great variety of other minerals are 
found in giamte and related rocks. Some of these closely re* 
semble those already described, but others are quite diilereat. 
Among these others are apatite, a carrier of phosphorus; py> 
rite, a compound of iron and sulfur; pyrolusite, a source of 
manganese; and tourmaline, the source of most of the boron in 
soils and in plants g^o^ving in (hem. All of the soil-derived ele- 
ments required by plants, animals, and man, and many others, 
are found in mineral fonns in granite and other igneous rocks. 

Tlie larger part of the supplies of these mineral nutrients 
was dissolved out of the rock and its residues during the soil- 
forming process and lost to (be sea. But enough remained at- 
tached to the fine clay particles to meet the needs of the plants 
that ultimately came into being and co%'ercd the soiL And as 
Uiese original plants grew up, matured, died, and fell hack on 
the land, they return^ the borrowed mineral nutrients to the 
soil from which they had come. This returned portion was in a 
more readily usable state for new growths of plants than that 
still contained in the clay. 


57 



Earth : The Stuff of Life 

Many precious minerals are found in granite, including gar* 
net, jade, topaz, and zircon. A great variety of ores are found 
associated with granitic rocks, including those that yield urani- 
um, gold, silver, copper, lead, tin, zinc, and mercury. One won- 
ders -whether plants grown on the soil derived from rocks con- 
taining more than normal quantities of these precious elements 
have any special nutritive values. On the other hand, it is known 
that some of the rarer mineral elements found in rocks have 
injurious effects, at least when present in relatively large 
amounts, as in the case of molybdenum, selenium and fluorine. 

Crystal forms of carbon, called diamonds, are being mined 
in a few wdely scattered locations, the most important deposits 
of these gems being found in South Africa. These diamonds 
occur in volcanic extrusions through carbon-containing sub- 
stances, the lava apparently serving as a solvent for tlie carbon 
compounds from whiclt the carbon separates out in crystalline 
form. Diamonds for industrial purposes are being made arti- 
flcially by embedding charcoal in molten iron and then sudden- 
ly chilling the mixture. 

More than 90 per cent of the substance in igneous rocks, in- 
cluding the granites, is made up of eight of the somewhat over 
one hundred elements of which all matter — that of the land, 
die sea, and die atmosphere — is made. Of these eight, silicon 
and oxygen constitute about 74 per cent; iron, aluminum, and 
titanium about 13 per cent; and calcium, magnesium, sodium, 
and potassium, in the order named, about 11 per cent. Tlie re- 
maining 2 per cent is made up of such elements as phosphorus 
and sulfur, both highly essential to the well-being of all living 
things; die equally necessary cobalt, copper, zinc, manganese, 
molybdenum, and iodine, whidi are classified as trace ele- 
ments; and still smaller quantities of a greater variety of oilier 
elements of little or no known value to plants, animals, or man. 

For the purposes of this book, an element can best be de- 
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fined by examples. Gold, silver, copper, and iron are metallic 
elements. Calcium, ma^estum, sodtiun, and potassium, all 
silvery solids, belong to an alkaline group of elements. Hydro- 
gen, nitrogen, cblorine, and fluorine, all gases, are examples 
of an acid-forming group. Oxygen, a gas, and silicon and alu- 
minum, both solids, when joined together constitute tbe major 
part of the soil. And hydro^n and oxygen, both gases, are join- 
ed to form water. Some of these elements are found in an ele- 
mental state in nature. Others can readily be reduced to that 
slate. But, for the most pan, the many elements exist in com- 
binations of tiro or more that are knoivTi as compounds. AH 
of the mineral compounds are solids. 

Rocks and soils contain virtually no elements as such. They 
are made up of combinations of mioeral-forming elements in 
a great variety of crystal forms, some in very large quantities 
and others in much lesser amounts. The salts of the sea are like- 
wise compounds of various elements dissolved in ivater from 
which they can readily be recovered by evaporation of the wa- 
ter. The lime deposit in the bottom of the country teakettle is 
sucli a salt. But the most common of the salts that remain dis- 
solved in sea water is sodium chloride, a comhination of solid 
sodium and gaseous clilorioe. Plants aremade up mostly of or- 
ganic compounds that were formed by joining the water that 
fell as rain with the carbon dioxide and nitrogen gases of the 
atmosphere. Less than 5 per cent of the average plant is soil- 
derived mineral matter. 

Tbe nature of the climate, rather tlian that of the tmderlying 
rock, largely determined the kind of soil that was formed in 
any given region. Under any specific set of climatic conditions 
the soil is essentially the same at maturity no matter what the 
nature of the rock from whidi it was formed. Granite and lime- 
stone, for example, are very different kinds of rock. Granite is 
an igneous rock, it is bard, and it is made up mostly of quartz. 
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ortlioclasc, Liotite, and hornblende. Limestone is a sedimentary 
rock, it is relatively soft, and it is made up mostly of carbon- 
ates of calcium and magnesium. Selecting conditions such as 
those lliat obtain in New England and allowing sufficient time 
for llie soil to reach maturity, one can expect a gray-brown soil 
with acid characteristics, whatever the underlying rock may be. 

At tlie start of the soil-forming process something over 80 
per cent of the granite would have been silicon, aluminum, and 
iron and tlie oxygen that is associated with them. But lime- 
stone usually contains less than 10 per cent of these ll:ree min- 
eral elements and their associated oxygen. The remaining 90 
per cent or more of the limestone consists of calcium and mag- 
nesium joined to carbon and oxygen. Only the impurities of 
the limestone remain behind to form soil. And these impurities 
are nothing more or less than sand, silt, and clay that developed 
during the breakdown of Uie earlier granitic rocks. These im- 
purities had become entangled with the calcium and magnes- 
ium carbonates as they separated out of the sea water and fell 
to the ocean door, the drst step in limestone formation. 

The quantities of rock required for the formation of a one- 
foot depth of soil over a unit area would have been quite differ- 
ent for granite and for limestone. A very large part of the gran- 
ite would have remained as sand and clay to constitute the soil. 
But most of tlie limestone would have disappeared. Thus if 
the impurities in tlie limestone had totaled 5 per cent, a depth 
of at least twenty feel of limestone would have been required 
to yield one fool of soil. Much of the limestone is considerably 
purer than that. 

In the earlier stages of development of soil from these two 
classes of rock, that being formed from granite would have 
been much belter for crop-growing puposes. It would have con- 
tained a much greater wealdi of most of the nutrients required 
by plants and animals. Gradually, however, under New Eng- 
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land conditions it would liave become a strongly acid soil, as 
tbe alkaline elements were leached out and carried oil in the 
drainage water. At this point the soil of limestone origin ivould 
have bad the advantage. It, too, might have become acid on the 
surface. But fragments of limestone would still have remained 
in the subsoil. And the subsoil would be lying on top of possibly 
very deep layers of limestone that had not yet been disintegrat- 
ed to form soil. This limestone would still be within the reach 
of the roots of plants and these roots would grow down into 
the cracks, absorbing lime from the sides of them. This lime 
u'ould be transported to the tops of the plants and some of it 
would be left behind in the soU in the form of plant residues 
from which it would later be released by microbial action. 

In the hot and humid tropics the disintegration of rock to 
form soil often goes much farther than in the humid temperate 
regions with the result that die clay loses its silica and is re- 
duced to iron and aluminum oxides. The ultimate product, 
called a laterite, is really not a soil but a consolidated product 
that can be used for huildiog purposes. Under these conditions 
so little of the necessary mineral nutrients remains, except for 
the iron itself, and the physical properties of the product are so 
imsatisfactory for the growth of plant roots that little can be 
done toward using the land for crop production. 

Such complete disinCegration of the original rocks is effected 
only over long periods of time and only under the most dras- 
tic climatic conditions in relation to the action of the atmos- 
pheric elements on the rock and soil. With increasing distance 
from the centers of formation of laterite and Avith less complete 
breakdown of the clay, forests grow in great profusion where 
rainfall Is adequate. But once the forest is removed and the land 
is farmed, the lasting qualities of the soil, in terms of fertility, 
are limited. This land wiB grow a good crop for a fe^v years 
after the forest growth has been cut do^vn and left lying on the 
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land and its mineral nutrients have been released by microbial 
action. Tlie usual cropping system in such a region is one in 
rvhicb the land is pennitted to return to /crests every few years 
during which period new supplies of mineral nutrients are col- 
lected from the soil and underlying rock. 

Returning to the original granite, not only is llsere some- 
tiling very substantial about this rock but about the soil derived 
directly from it. Most of our soil is derived from sedimentary 
rocks that, much earlier, were derived from granite and simi- 
lar igneous rock. But soil originating in fresh granite itself is 
credited with being a “strong” soil. Tliose people who were 
bom in areas of granite-derived soil seem to have absorbed 
some of its sturdy characteristics. Those who were bom in re- 
gions where the glaciers dropped their loads of granite boulders 
and the flour into which many of them had been groimd, have 
likewise benefited from the granite. These rocks and their prod- 
ucts brought new life to a vast area of land in the nortliem parts 
of North America, and to nortliem Europe as well. And wind 
and water carried large quantities of granite particles and flour 
long distances farther south to become a part of the soil. 

Finally, tiiere is something comforting in the knoivledge that 
all the land on whichweliveis firmly located on a solid granite 
base. Even though this granite is far below the surface in most 
locations and well-covered with deep layers of sedimentary 
rocks and soil derived from them, it is there. Only such titanic 
forces as those associated with earthquakes can break through 
it and even then only superficially, for granite and closely re- 
lated solid igneous rock extend downward a distance of some 
eighteen hundred miles below die surface. 
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And he stooped sometimes and g/sthered some of the earth up in his 
hand and he sat and held it tkus^ and it seemed full of life bettveen his 
fingers. And he icas i;onterU,hiddingUlhu4. 

— rusL BCCK E« The Good Emh 


Chapter Five 

LIFE WITHIN THE SOIL 


AN APPLE, a blade of grass, a cornstalk, or even a taigbly 
oak that falls to the ground soon disappears. And the same 
applies to the body of a bird, a beast, a mouse. Ox a man, oti(% 
it is buried in the soil. Myriads of microbes, so small they 
cannot be seen except by the aid of a microscope, are standing 
by waiting to digest whafei'cr may come their way in the form 
of once living but now lifeless matter. What a wilderness of 
plant and animal refuse this world would be without these 
highly active but unseen forms of life that inhabit the soil! 
And when these microbes themselves die, their dead bodies 
likewise disappear. Whatever their kind or size, all living 
things come into existence, grow, reproduce, die, and then are 
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reduced to the gaseous, liquid, and mineral components of 
which they were made. These components are the carbon di* 
oxide and nitrogen gases of the atmosphere, tlie water that 
falls as rain, and the ash elements that are contributed by 
tlie soil. 

One acre, or 43,560 square feet, of soil to a plow depth of 
seven inches weighs about two million pounds. One pound is 
equivalent to nearly 454 grams. One gram of good soil may 
contain as many as one billion microbes. The numbers of tliese 
microbes in an acre, a pound, or a gram of soil at any given 
time and place depends on the quantity and nature of the 
plant and animal refuse in the soil, on the air and moisture 
relationships in the soil, and on the temperature of the soil. 
Their numbers fluctuate widely during the course of any one 
year, and often ivithin a period as short as a day. Under the 
most favorable circumstances the total weight of living mb 
crobes in a plowed acre of soil might well be six thousand 
pounds. Of this living weight possibly five thousand pounds 
would be water that could be driven oil into the air in a drying 
oven at lOO’C. The remaining one thousand pounds would be 
dry matter. If this dry matter were burned, probably fifty 
pounds of ashes would remain. And these ashes would repre< 
sent the contribution that had been made by the mineral sub- 
stance of the soil, directly or indirectly, to the microbes tliem- 
selves. In other words, the mineral elements of tlje soil are 
just as essential to a microbe as they are to a larger plant, an 
animal, or a man. 

Soil microbes perform a great variety of very useful func- 
tions. They serve first as scavengers, getting rid of what other- 
wise would be troublesome accumulations of dead plants and 
animals. But they also serve as agents for keeping the several 
required constituents of plants in circulation by way of air, 
water, and soil for repeated use in perpetuity. These consli- 
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tuents must be used over and over again in nature's economy. 
To trace the history of any one molecule of carbon dioxide, 
nitrogen, or water over all lime since life began would be an 
impossible undertaking. Suffice it to say that a given atom of 
carbon-dioxide-derived carbon now contained in the body of 
a given living plant or animal may have been in the body of 
the first living microbe, the body of a prehistoric animal, and 
the bodies of many intervening and subsequent generations of 
plants, animals, and men. The carbon dioxide from whicli this 
carbon came was in the original atmosphere and it has escaped 
and irill re^cape hack Into the atmosphere again and again 
wlh the passing of time. There must always be carbon di- 
oxide in the atmosphere, otherwise plants cannot exist, and 
neither can man. 

Soil organic matter, whatever its origin, is the day-to-day 
food of soil microorganisms. This organic matter, being large- 
ly the refuse of plants, is made up mostly of sugars, starches, 
cellulose, lignins, oils, and proteins, intermingled will) the 
ash elements that were derived from the soil. Any animal 
bodies that may be present In the soil will be made up mostly 
of proteins, fats, and ash elements. The fats of animals are 
closely related to the oils of plants. And when the microbes 
have digested this organic matter it ^^'iU have been changed 
to carbon dioxide, nitrate, water, and ash. 

Except for its protein and mineral matter, most of the soil 
organic matter is made up of carbon, hydrogen, and oxygen — 
all derived from the carbon dioxide gas that was breathed in 
through the leaves of plants and from the water that was ab- 
sorbed by their roots. Proteins, however, contain not only car- 
bon, hydrogen, and oxygen, bul nitrogen as well. Most of the 
nitrogen of Earth exists as a gas in the atmosphere. But only 
the legumes, of which the several clovers are examples, can 
make use of this atmospheric niliogen. They do this by way 
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of the bacteria living in the small nodules that are attached to 
tlieir roots. 

Tlie nonlegume plants obtain their nitrogen from the soil 
in the form of a nitrate produced by a specific group of mi- 
crobes that are able to manufacture this substance out of pro- 
teins. This nitrate might well be calcium nitrate or nitrate of 
lime — a beautiful ivhite crystalline salt when purified, but 
which exists in the soil only in its dissolved form in water. 
This nitrate is produced microbially in three steps and by three 
groups of microorganisms: the first releases ammonia from 
the protein, the second changes the ammonia to a nitrite, and 
the third completes the process with the production of a nitrate. 

One of the outstanding aspects of die nitrogen problem as 
applied to the nutrition of plants is the close relationship that 
exists between the specific group of microbes, the nodule-pro- 
ducing bacteria, and the specific group of plants, the legumes. 
The nodules these bacteria produce are attached to the roots 
of the legumes. They vary greatly in size and shape, some of 
them being about the size of a grape seed, others resembling 
peas in size and shape, and still others existing in clusters as 
Urge as walnuts. Within these nodules the microbes live and 
carry on their function of taking nitrogen gas from the soil air 
and transforming it into products out of which protein can be 
made. The microbes and tlie legumes live in a symbiotic re- 
lationship, the legumes contributing the foods other than nitro- 
gen that die microbes require and the microbes contributing 
die nitrogen products the legumes require. 

The legume family of higher plants includes not only the 
clovers but beans, peas, peanuts, soybeans, alfalfa, and a great 
variety of other crop plants that are highly useful for feed and 
food purposes. It also includes a number of trees, such as the 
mesquile of semiarid regions, the locust and acacia trees of 
the humid temperate regions, and the mahogany and ebony 
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trees of the high-rainfall tropics. Wlien these legume plants 
fall to the ground, >vhelher in part or in ^¥hole, the protein 
they contain that was microhially synthesized out of die gas- 
eous nitrogen of the air, is released to the soil lor action of 
the microbes that change protein nitrogen to nitrate. 

The fertility value of l^umes was known by the Romans 
long before the time of Qirist. But the explanation of their 
soil-improving properties was not discovered until 1886, when 
it was demonstrated by Cerman chemists and microbiologists 
that tlie bacteria in the nodules on the roots were the respons- 
ible agents. Subsequently, some of the nodule bacteria were 
isolated, studied under the microscope, and named Rhizobium. 
Hiere are a great many different strains of these club-shaped 
bacteria. For example, those living io the nodules on the roots 
of peas are not the same as those in the nodules on the roots 
of beans and alfalfa. And they cannot be substituted for each 
other on these legumes. 

When the legume dies the nodules are digested hy soil mi- 
crobes, but the Qodule bacteria are released into the soil un- 
harmed, where they aivait the coming of a new planting of 
that legume. Shortly after tlie seed of the legume germinate and 
the young seedlings get undenvay, the nitrogen-hxing bacteria 
attach themselves to the roots, and neiv nodules begin to form. 
At this point the young plants turn dark green and groiv' ivith 
increased vigor. In proportion as these nodules grow in size 
and number, the legume benefits to an ever greater degree from 
the more abundant supply of air-derived nitrogen that has been 
put at its disposal hy the nodule bacteria. And the legume 
grows ever more luxuriantly with darker-green leaves, assum- 
ing that all its other nutrient needs have been met. 

WTien introducing a new legume to any location, it was 
once the practice to obtain soil from a field in which that 
legume had been grown successfully, as a means of carrying 
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over a large enough number of the right kind of nodule bac- 
teria to be sure that the roots of the new plants would quickly 
be inoculated. Sometimes a saiEcient number of the nodule 
bacteria were present in the dust on the seed to meet the 
requirements. But this soil dust could not always be depended 
on to supply the needed nitrogen-fixing microbes- 

Such procedures are no longer depended on or employed. 
In fact, such superior strains of nodule bacteria have been 
developed by careful selection from williin the nodules on the 
roots of luxuriantly growing legume plants that virtually all 
legume seed are now inoculated with pure cultures of these 
strains. This applies tvhelher the epecific legume has ever been 
grown on tlie field in question or not. And a dillerent legume 
culture is used for each legume, this culture having been de- 
veloped from the microbes in nodules on the roots of that 
species of legume. The rhizobia for these cultures are taken 
from these nodules under aseptic conditions, put in liquid 
media containing sugar and mineral nutrients, grown to rapid 
multiplication of numbers under optimum temperature and 
aeration conditions, and then sprinkled over the seed in this 
liquid suspension form or changed into dust form by being 
poured over some type of pulverized solid medium such as 
sterilized peat. 

A good bit of work has been done in an effort to get the 
nodule bacteria to produce nodules on the roots of nonlegume 
crop plants, notably corn. The method of procedure was to 
grow the rhizobia in liquid cultures, such as are now employed 
in preparing cultures for sale for inoculating purposes. The 
difference in this case was that extracts from com plants were 
introduced into the liquid cultures to get the microbes adjusted 
to the juices of this non-legume plant species. The proportion 
of the extract from tlie com plants in relation to that of the 
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normal culture medium was graduallj* increased. The mi- 
crobes appeared to thrive in thk new culture solution. But 
when the com seed were inoculated with it, no nodules ever 
developed on the roots of the plants grovm from this seed. 

For a long time it was believed that the fixation of gaseous 
nitrogen by legumes was accomplished by way of their leaves, 
notwithstanding that the rhizobia lived in the nodules on their 
roots. Careful testa ss'ere made with plants that were groivn in 
sand, the roots being enclosed in sealed containers. All the air 
in the containers was replaced by a mixture of pure oxygen 
and carbon dioxide. Ihis meant that no nitrogen gas was in 
contact wnth tlie roots of tbe plants, although there was an 
abundance of nitrogen in tbe natural air around their leaves. 
But no fixation of nitrogen occurred. Evidently, the nitrogen 
that is fixed by the nodule bacteria is that in the soil air and 
not that in the atmosphere surrounding the leaves. 

A number of free-living types of bacteria that do not live 
in symbiosis with legumes or any other higher plants have 
been discovered. Of these, tbe Azotobacter is the most effec- 
tive. These microbes feed on the soil organic matter, particu- 
larly on the types that are high in sugars, starthes, and cellu- 
loses and low in proteins, such as wheat straw and cornstalks. 
Under optimum conditions in the laboratory, which involve 
temperatures around 80®F. and adequate but not excessive 
supplies of moisture, together with suitable amoimts of sugar 
and mineral nutrients, the azotobacter naturally present in 
good soil are capable of fixing considerable amounts of air 
nitrogen. Calculated from disb cultures to an acre basis, the 
quantity of nitrogen so fixed may be considerably greater than 
that fixed by the legume plants on an acre of land. In tlje case 
of legumes the fixed nitrogen Is stored in protein form both 
in the bodies of the nodule bacteria and in the legume plants. 
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With azotobacter the storage is in the microbes themselves 
from which it is later released in nitrate form when they die 
and tlieir bodies are digested by other microbes. 

The quantity of nitrogen that is changed from the gaseous 
to the combined protein form by rhizobia and azotobacter de- 
pends in large degree on the quantity of nitrate being produced 
by the microbial population in the soil from that already stored 
in the soil organic matter. Like all other forms of life, these 
nitrogen-firing bacteria take the easiest path, and that is to 
use the already manufactured nitrate. Consequently, if the 
soil is already supplied with organic matter, has been liberally 
treated with well-rotted manure, or has received a liberal ap- 
plication of a nitrogen-carrying fertilizer, particularly a ni- 
trate, little nitrogen fixation occurs. 

The plow depth of an average acre of soil contains around 
60,000 pounds of organic matter on an ovendry barts- In this 
there is about 3,000 pounds of nitrogen, mostly in protein 
ftyim. \\ is on this nitrogen that most crops depend. Accord- 
ingly, active bacterial release of lids nitrogen in nitrate form 
is essential. As the temperature rises in the spring, the winter- 
dormant soil microbes awake and set to work in earnest. As a 
result, nitrate to the extent of possibly 150 pounds of nitrogen 
an acre will be released for crop use during the growing sea- 
son. If the crop, grown to its full potential, requires more 
nitrate nitrogen than this, it will have to be supplied in fer- 
tilizer form. 

One acre of good land located in a humid temperate region 
will produce about 10,000 pounds dry weight of alfalfa bay 
each year. This will contain about 250 pounds of nitrogen, and 
the roots of the alfalfa may contain another 50 pounds of this 
element. Under average conditions possibly one-half of this 
nitrogen would come from the nitrate that was released by 
microbial action on the soil organic matter and the other half 
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^v'ould be obtained from the nitrogen gas in the soil air by ^vay 
of the nodule bacteria on the roofs. 

About 20 per cent of the nitrogen in any feed that is con- 
sumed by animals goes to market as meat, eggs, milk, or wool, 
the other 80 per cent being excreted by the animals in the 
urine and feces. These manurial substances can be returned 
to tbe 6e]d. TJie same applies to the food eaten by man, ex- 
cept ibat in this case the point of consumption is normally far 
removed from the farm where the foodstuC was produced. 
Furthermore, most of the excreta of European and American 
city people is lost by way of sewage disposal systems. In some 
countries, notably in Qiina, Korea, and Japan, it is saved and 
returned to the soil. In any event, most of the nitrogen losses 
must be compensated for by growing legumes and encourag- 
ing the arotobader, or they must be made good by the use of 
nitrogen fertilizers. 

There is abundant eridence. however, that some of the blue- 
green algae, minute forms of plant life that groiv in soils under 
conditions of a relatively high supply of moisture, ohutin 
much of their nitrogen from the air. The manner in which this 
is accomplished is not knor>'n. Tliese algae make important 
contributions to the nitrogen supplies of paddy rice, Ko doubt 
they function on upland soils in like manner during the 
warmer and moUter parts of the year. They may fix nitrogen 
more or less continuoi^ly in the warmer and welter tropical 
forest lands. 

One of the most intriguing phenomena of nature is the large 
deposit of nitrate in Chile. 'WTien water containing nitrate is 
evaporated to dryness it leaves its nitrate as a residue that 
resemhles common salt. If tbe veatet containing the nitrate had 
been collected as drainage from an ordinary soil, this would 
be nitrate of lime. In Chile, however, it is nitrate of soda. Many 
millions of Ions of Cliilean nitrate of soda have been mined, 
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andmarkcffd jJje world oitfr, and much more rrinains 
lol« exploited. 

Some scientist* hrliesc lhal tficse nitrate deposit* had their 
tiri{;in in microhial action on the large quantities of guano left 
lichind over long period* of lime hy the million* of bird* that 
have fished off the shores of Qiile, living and dying on the 
nearby land. Continued rapid rotting of tlit* guano and the 
dead bodies of these bird* under the higlily favorable climatic 
conditions of die coastal highbnds should have le<] to the l>ac« 
tcrial production of large quantities of nitrates over the mil* 
lions of years tliat have pasfctl since ihi* land wai itahilired. 
Dissolved in rain water, this nitrate might well have l>een car- 
ried dovmward through the underlying soil and rock to a tower* 
lying water lahle. From there it might well have l>een carried, 
by way of underground water channels, beneath tlic nearby 
flat desert where the water, moving upward to and eveporaltng 
from tlie surface, left its load of nitrate liehinJ, in this case 
mostly as nitrate of soda. 

Notwitlistanding the large tonnages of nitrate of soda still 
available for use by agriculture from the Chilean depoiiLs, 
the quantities processed have long been far from adequate to 
meet all the needs for increased crop production. And men 
Uiough llie rhirobia of legumes and the arotoliactcr are highly 
efiicient fixers of atmospheric nitrogen, they are inadequate 
sources of the extra nitrogen requirrf. Consequently, a great 
deal of researcli effort has gone Into Uie development of tech- 
niques hy which atmospheric nitrogen can be changed to am- 
monia and nitrate hy factory procedures. As a result wc now 
have a large number of nitrogen-fixing factories scattered Bl>out 
over Earth. Total world consumption of fertilizer nitrogen 
amounted to around ses-en million metric tons in 1958. This 
is equivalent to forty million Ions of nitrate of sorla. But most 
of the factory-fixed nitrogen is now Iwing supplied in other 
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more concentratetl fonns, snch as anhydrous anuoonia, urea, 
and ammoniuiD nitrate. The Erst is a gas that can be com* 
pre$£ed to a clear liquid and pnt directly into the soil where 
it is absorbed by the soil and held for plant use. The last two 
are attractiTC while salts resembting sugar; they dissolve read- 
ily in water and are imoiediately available for plant use, once 
they bare been applied to the soil. 

Although the production of nitrate from the plant and ani- 
mal protein substances is a highly important function of the 
microorganisms that bring about the decomposition of soil 
organic matter, their release of the other plant nutrients from 
this organic matter is equally important. Each plant has within 
it all the nutrients needed by another plant of the same sire 
and land. If one could afford it, an excellent way to bnild up 
the production capacity of a soil would be to grow and plow 
under successive crops, particularly legumes. Each of &ese 
crops would be able to feed on the nutrients released by mi- 
crobial action on the previous crop. &cb time round the cycle 
some extra nitrogen would be accumulated by the nodule bac- 
teria or the azolobacter. likewise, eadi time round additional 
quantili^ of the natural supplies of mineral nutrients in the 
soil would be released for crop use. Usually, however, the 
crop must be harvested and sold, so dependence has to he 
placed on crop refuse, manures, and cover crops for supplying 
organic matter to feed the soil microbes. 

Fertilirers have great supplemental value in developing 
adequate supplies of soil organic matter. Higher acre yields 
can be produced by their use and these higher yields leave 
more crop residues in and on the soil. Microbial digestion of 
this soil organic matter releases its constituents back to both 
air and soil. But complete destruction of this organic matter 
is never accomplished, some of the mote resistant portions, 
the lignins, remaining behind in the soil in virtually inde- 
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stnictible form, save by fire. And these lignins serve a highly 
useful purpose in maintaining good working quality in the 
soil. To have a live soil, however, it is necessary to continue to 
feed the soil microbes fresh plant and animal refuse, rein- 
forced with extra supplies of all the mineral nutrients needed 
both by the crop plants and by the soil microbes that digest 
their refuse. 

Some microbes can be as destructive to higher forms of life 
as others are useful to them. Many of them are parasites that 
fasten themselves to their plant and animal hosts. Some of our 
most troublesome plant diseases, such as the blights, rusts, and 
smuts, are caused by microbes. Many of these microbes harbor 
in the soil aivaitlng an opportunity to attack their hosts. But 
many of the microorganisms that are responsible for human 
and animal diseases cannot survive in the soil. Such disease- 
controlling substances as penicillin and streptomycin are 
products of microorganisms that live in the soil and that have 
been isolated from the soil. 

In the production of antibiotics, specific microbes knotvn 
to produce such substances are isolated and grown in pure 
cultures in a specially developed liquid medium. Only very 
small quantities of the antibiotic are produced by these mi- 
croorganisms per gallon of solution. Accordingly, large gal- 
lonages of the solution must be prepared, sterilized, inoculated 
with the pure culture, incubated, and processed to obtain the 
large amounts of the purified powdered antibiotic that are noAV 
being used for remedial purposes. 

Most of the microbes that are being used for industrial 
production of antibiotics have been isolated from the soil. They 
were first identified on microbial culture plates where the anti- 
biotic substance spread oat around the individual colonies of 
the antibiotic-producing microbes and destroyed nearby col- 
onies of oilier microbes. A great variety of such antibiotics are 


74 



Lm: WmiCT the Son. 


now lieing produced. Some oi iBem are so toxic to living iLings 
that they cannot be used as curative agents against microbial 
diseases of animals and man. Other milder antibiotics are 
being added to livestock and poultry feeds as preventives of 
microbial diseases. The results of their use are often quite 
spectacular, notably during the earlier stages of gro^vth of 
the animals. Still oilier antibiotics are being employed to 
good effect in sprays as a means of curing certain microbial 
diseases of plants. 

Pure culuures of certain disease-producing microbes are be* 
ing used in the control of certain insects. The “milky disease" 
of Japanese beetles is a good example. In this case the mi- 
crobes lliat produce the disease are gromi in pure culture on 
a large scale and then applied to the soil where they lie in wait 
to attack the larval forms of the Insects before they emerge 
from the soil as beetles. The spreading of the milky disease 
b accomplished by way of the beetles themselves before they 
have succumbed and tiirough the droppings of birds that com 
sume the larval grubs. 

Higher orders of plants, sudi as the tomato, also produce 
antihioticlike substances that aid in protecting themselves 
against disease. One wnders, for example, how it is that plant 
roots grow down into the soil without harm from the millions 
of millions of microbes that surround them. As long as the 
roots remain alive, they are not generally attacked, although 
there are some troublesome exceptions. But as soon as a plant 
comes to maturity and dies, the microbes set to work to digest 
its dead roots. 

There are, of course, many microbial diseases of live plants, 
some affecting the roots and others the tops. Some of these 
diseases are carried over from one plant gererafjon to the 
next by way of the soil, some by way of the seed, and some 
by way of the wind. The point being made here, however, is 
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lhal plants bave a certain capacity to ward off disease-pro- 
ducing microbes, some species and varieties much more so 
than otliers. A great deal of work has been and is being done 
to breed and select plants for disease resistance, and some 
remarkable developments have occurred in this field of study. 

Many microbes are closely associated with the outsides of 
roots where they apparently benefit from the excretions of 
these roots and, in return, make the mineral nutrients in the 
soil immediately surrounding the roots more available to the 
plant. This is another symbiotic relationship quite similar to 
that between the nodule bacteria and the legumes. Some of 
the root-associated microbes, such as the mycorrhizal fungi, 
actually penetrate the surface cells of tlie roots and develop 
inside them to greater benefit to themselves and to the associ- 
ated plant as well. This particular group of microbes appears 
to be of special importance in getting tree seedlings under 
way, particularly under conditions of low soil fertility. 

One of the most troublesome of the disease-producing types 
of root-inhabiting microbes is the nematode. In contrast to 
most of the microbes previously mentioned, the nematode is 
a microscopic animal rather than a microscopic plant. It at- 
tacks the roots of a great many plants, particularly in the 
warmer and more humid regions of Earth. Large knots, bear- 
ing some resemblance to the nodules on the roots of legumes 
but being much less attractive and far more extended, cover 
the roots of affected plants. Coming into prominence only re- 
cently, this field of study is a challenge to research workers. 

The skins of animals, like the outer tissues of plants, are 
also highly resistant to attacks of microbes. The man who 
works about the farm, yard, or garden is constantly getting 
soil on his hands. And this soil is the place where many 
disease organisms affecting not only plants but animals and 
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man find a resting place. The dust that is always present in 
the atmosphere and comes to rest on the soil is also a carrier 
of a great variety of microbes. Yet nothing much seems to 
happen from daily contact with soil so contaminated. Some- 
times microbes gain entrance to an animal or a man by way of 
a tround, as in the case of soil-borne tetanus. And some dis- 
eases, such as typhoid fever, atta<d: man by ^vay of his ali- 
mentary tract. It would appear that the linings of the open- 
ings to the body are more susceptible to attacks of microbial 
disease organisms than are the skin tissues. 

VThere did these microbes originate? Their ancestors, no 
doubt, were the first living things on Earth. When Earth cooled 
down and conditions became favorable for life, it came into 
belog. And this first form of life must bare been a simple 
one-celled microbe that eventually developed the capacity to 
cut itself in half to form two one-celled microbes. Conceivably, 
the first microbes were preceded by still simpler forms, sudi 
as the vinues that appear to be about half rray between the 
animate and inanimate. Thera was no organic matter on which 
these first microbes could feed since that was long before the 
larger plants, which have been the primary source of the 
soil organic matter, had come into erislence. So these original 
microbes had to manufacture their own organic matter out of 
purely inorganic substances. The raw materials for this were 
water, rock refuse, the gases of the atmosphere, and the salts 
of the sea. 

WTien the first microbe succeeded in dividing itself into 
two microbes, the principle of reproduction began to operate. 
From this point on increase in bacterial numbers may ba>'e 
been quite rapid. Many microbes now reach maturity and di- 
vide rvitlun thirty minutes or Jess. At that rale of reproduction 
a single microbe could grow into 300 million microbes in 
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twenty-four hours. If nothing prevented continuance of this 
reproductive process, nil the seas on Earth would he over- 
flowing with microbes witlitn a short period of time. 

But the principle of death c^me into play. Gimpetilion for 
living space and for food Lrouglit altout an equilibrium at 
whidi reproduction and dealli came into balance. Ttic number 
of microbes increased with each new improvement in living 
conditions and each incrcosc in food supplies, and it fell back 
whenever living conditions dcleriorated and llie supplies of 
food had been largely exhausted. Some of the microl>es were 
able to sun'i\e long periods in o resting stage witliout need 
of food. 

In this struggle for existence, some microbes found it mucl» 
simpler to feed on the dead bodies of Uieir fellows than to 
continue syntlicsizing new supplies of food from purely in- 
organic materials. Others managed to stlach themselves as 
parasites to otlicr living microltcs, which may be said to have 
served as unwilling hosts. But witli the advent of higher plants 
and animals and more abundant supplies of already synthe- 
sized products in tlieir refuse, die microbes adjusted Uiem- 
sclves to this more readily usable supply of food. In due 
time the principle of dynamic equilibrium came to apply, and 
to an ever greater degree. WiUi each new input of organic 
matter into the soil die number of microbes rapidly increased. 
As this organic matter was consumed, many of the microbes 
died of starvation. At one time the number would be rapidly 
increasing and at anotlier rapidly decreasing. 

Eventually, the total amount of work to be done in the soil 
by die microbial population that had evolved was divided up 
among the microbes. Some colledcd nitrogen from the oir. 
Some served as scavengers. Some released ammonia from pro- 
tein substances. Some changed this ammonia to nitrite and to 
nitrate. A great variety of odier kinds of work had to be done. 
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Eventually, the number of different kinds of microbes and 
the number of very different things they did became legion. 
Meamvhile the principle of evolution had come into play. 
Microorganisms themselves not only evolved into new types, 
including bacteria, fungi, yeasts, and actinomycetes, but Uiey 
became differentiated into plants and am'mals. Included 
among the animal forms were the protozoa, many species of 
which e-vist in soils. 

From these humble beginnings still more complex and mucb 
larger forms of plant and animal life evolved. Starting 'rftli 
the simpler marine plants, the ferns, flowering plants, shrubs, 
and trees came successively into being and occupied the land. 
In the animal line the protozoa were eventually followed by 
insects on the land and in the air and by the fishes in the ses. 
In due time die mammals, birds, and apes ev’olved. Finally, 
the forerunners of man entered the picture something over a 
million years ago. 

But microbes did not go out of existence. The number of 
species continued to increase. The soil liarbors far more of 
these many species than any other medium. It is difficult now 
to conceive of Earth or soil without microbes. They were here 
manymillions of years before man arrived and they, no doubt, 
will still be here when he disappears from EartI). Some of 
them are essential to his existence; others are of little knotvn 
value. And still others are harmful, if not to man himself, then 
hy their attacks oa the plants and animals on which he depends 
for food and fiber. Conceivably, new life is still originating 
from purely inorganic substances to add to the microbial popu- 
lation of tlm soil. 
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AIR is Uie Lreatli of life. It may l<e lo calm as nol to 
stir iKe leaves of txees. It may be so lutbulrnt as to puH t!ic»c 
trees up!»y Uieir roots. It may manifcil itself ai a peotle breeze, 
a brisk wind, a tornado, a burricane, or a lyjilioon. One can* 
not seethe air, sometimes cannot even feel it But one is avrarc 
Uial it is there. And Kitbout it no life can exist. 

Desert air may be so dry as lo maliD It virtually impossible 
for any living thing to exist in iu But. from lime lo lime, it may 
accumulate cnougli moisture to deposit slew or to permit rairs. 
And where no living thing wat apparent before, desert flowers 
may spring to life, vast acreages of them coming into full 
bloom lo display a magnificent array of colors. TTie life of 
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these desert plants may be short, but not so short that they 
cannot produce seed. And these seed may lie dormant until 
rain (Mines again, no matter how- long a period that may be. 
Then they may spring to life and the process will be repealed. 

The air of humid regions regularly accumulates so much 
moisture, derired by e\*aporatioa from the open U Ve s, seas, 
and the moist soil and by transpiration from lush vegetation, 
that, on cooling, droplets of water are formed that fall as 
rain. Later, when the moistnre supply in the air has been re- 
newed, rain irill come again. Thus water of Earth is in 
constant circulation from sea, soil, and plant to air and hack 
again. But the quantity that falls as rain varies greatly from 
region to region depending on the nature of the movemrat of 
the masses of air alwre. Some of the moisture returns to Earth 
as dew or fog, some as light showers and some as heavy down- 
pours. And if the temperature of moisture-laden air drops 
sufficiently, the rain will be transformed into snow, sleet, 
or hail. 

Air may be stiilingly hot under the summer son. If it is 
both dry and hot, any moisture that is transpired by plant 
leaves or respired by man and other animals will disappear 
as if by magic. If the btunidity of the air as well as its tem- 
perature is hi^ conditions may be almost unbearable for 
living thin gs, particularly for mao. In either case, condensa- 
tion of the moisture in the air by cooling and its return to 
Earth as rain provide rapid rdieL 

Air may be so cold as to kill all vegetation and force most 
of the animal life to seek shelter. At its coldest, virtually all 
life disappears. Extremes m temperature on the mainland of 
the United States have been recorded at ISO’E. in Death 
Valley, California, and minns 60'’F. in northern Montana. 
For^rth as a whole the extremes reported have been 136“F. 
in Azizia, Libya, North Africa, on September 13, 1922, and 
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minus 100.4*F. near ihe SouUi Pole in Antarticai May lit 
1957. 

Air may Lo clear and pure, it may Lc liary, it may l>c filled 
with fog, or it may he ihiclc with smog, wlilcli is a mixtufc of 
fog, smoke, and dust. With ndcf{uate movement, air usually 
clears up under bright sunshine. Put on days of virtually 
complete calm, air in densely populated areas may accumu- 
late smog to the point where plants, animals, and man are in 
great distress. In Octo\>er, 195ft, dense smog settled over Do- 
nora, Pennsylvania, resulting in llie deaths of some twenty 
people. A similar happening occurred some years earlier in 
the Meuse Valley, Pelgium. And in 1952 over four ihous.snd 
excess deaths resulted from a dense black smog that settled 
over the city of London. 

Great dllficulty is experienced in clearing up the air about 
certain cities, notabiy lis Angeles, California. Tlietc, on calm 
days, undesirable gases, sucli as ore given oil by oil refineries, 
industrial plants, and automobiles, have accumulated to as 
much as six times their normal concentrations. Once these 
gases have collected in any locality tlicre is no means by wbicli 
they can be dissipated artificially, the only recourse being to 
•wait until a fresh brecre carries them away. Bui there is tlie 
possibility of using preventive measures to do a-way with their 
excessive production. A great deal of effort is going into re- 
search designed to find means of reducing air pollution. 

Dust storms are a troublesome problem in some regions, 
notably in the western part of the United States. During tlie 
dry year of 1954 a dense cloud of dust developed over a large 
part of Colorado, Kansas, New Mexico, Oklahoma, and 
Texas. It was fifteen hundred miles long and one tliousand 
miles ^vide, and it darkened the sky as it moved eastward. 
Its load of dust was dropped on tlie land as it advanced, some 
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of it ^ling on New York and Boston and far out over the 
Atlantic Ocean- 

DislurliaRces in llie air, diangea in the lemperature, and 
ihefall of rain are manifestations of phenomena operatingiar 
out in space away from Earth. TTicy come to pass by way of 
the relatively shallow envelope of atmosphere that snrrounds 
Earth, extending upward to a height of two hundred miles or 
more. But nearly 90 per cent of this mass of air, which weighs 
14,7 pounds per square indi at sea level, is within twenty miles 
oi Earth 5 surface. 

The gaseous atmosphere above Earth corresponds to the 
solid lithosphere, or the rock crust of Earth, and the liquid 
hydrosphere, or the \rater of the oceans, lakes, and rivers. Of 
the atmospheric gases, nitrogen constitutes 75.5 per cent by 
weight; oxygen, 23.02 per cent; argon, 1.43 per cent; and 
carbon dioxide, 0.046 per cent If calculated on the basis of 
volume, the percentages are 73.12, 20.94, 0.93, and 0.03 
respectively. The remaining small percentage is made up 
mostly of neon, helium, methane, nitrous oxide, hydrogen, 
ozone, and xenon, in descending order by volume. 

The atmosphere is always a carrier of moisture. This may 
not be apparent unless conditions are such that clouds are 
formed. If these clouds develop near Earth's surface, they 
are known as fogs. But the atmosphere also carries a great 
variety of suspended solids, such as soil, ashes, common salt 
and particles of soot and other forms of organic matter. Pollen, 
yeasts, fungi, bacteria, and other minute forms of plant and 
animal life are also foimd in the atmosphere. Insects are 
abundant in the air rear the soil, particularly during the sum- 
mer months in the temperate and arctic regions, bat year 
round in the tropics. 

In Certain locations, notably near active volcanoes and 
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around smelters and eertam types of industrial plants, tlie 
atmosphere often contairut considerable amounts of acrid sul- 
fur dioxide. A great variety of other gases are released in other 
manufacturing processes, such as d>e colorless and odorless 
carbon dioxide Uiat is cvolvc^I in the combustion of wood and 
coal and in tbc production of lime from limestone, tlie color- 
less and odorless hydrogen that is given oH by oil refineries, 
and tlie colorless but pungent ammonia Uial is evolved from 
coking plants and that escapes from manure ond from com- 
post piles. Of the various otlier gases that are found occa- 
sionally in considerable quantities in the atmosphere, the 
highly toxic fluorine that is evolved in several industrial proc- 
esses, notably in Uie roasting of cryolite in the production of 
aluminum and in the acidification of phosphate rock in the 
manufacture of tuperpliosphaie, is one of die most trouble- 
some. Cut the total volumes of this and all oUier industrial 
gases Is small indeed in comparison to that of the atmosphere 
as a whole. 

Tlie atmospheres of Sun and of the several otlier planets in 
the solar system differ materially from each otlier and from 
the atmosphere of Earth. Tlie Sun's atmosphere is made up 
mostly of the gases hydrogen and helium, with only a small 
proportion of other gases. Mercury has virtually no atmos- 
phere because of her relatively small size and her nearness to 
Sun. The atmosphere of Venus consists mostly of carbon 
dioxide, its concentration of this gas lieing five hundred times 
tliat of the atmosphere of Earth. Woler vapor is present on 
Venus, but lliere is no oxygen. It appears doubtful whether 
any form of life could exist under such conditions. 

Mars, a planet about one-fourth the size of Earth and about 
50 per cent farther away from San, has an atmosphere con- 
taining about ten times as much carbon dioxide as that of 
Earth. Its atmosphere also contains oxygen and water vapor 
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in sufficient amounts to support simple forms of plant life of 
the kind knomi on Earth. In general, however, Mars is an 
arid planet, no lakes, rivers, or oceans having been observed 
on it. The pull of gravity of Mars is only about one-tbird that 
of Earth, and the weight of its atmosphere per unit area is 
believed to be only one-&fth that of tbe atmosphere of Earth. 

The atmospheres of Jupiter, Saturn, Uranus, and Neptune 
appear to he made up lai^ely of hydrogen and helium, tvith 
small amounts of methane and ammonia. The clouds noted on 
Jupiter are believed to consist of crystals of ammonia in a 
frozen state, the temperature of the aUnosphere of that planet 
being about minus 120®C. 

Over 95 per cent of the dry substance of the vegetation on 
Earth is derived from the atmosphere and hydrosphere. For 
every 10,000 pounds dry roatler of plant material, the annual 
produce of one acre of good land in the temperate regions, 
about 4,450 pounds is oxygen, 4350 pounds is carbon, 625 
pounds is hydrogen, and 150 pounds is nitrogen, all originat- 
ing in air and water. The remaining 425 pounds is mineral 
matter from the soiL 

If vegetative materia! is completely burned, all of the or- 
ganic matter is transformed into colorless, odorless gases that 
are released to the stmosphere — the nitrogen as such, the 
carbon as carbon dioxide, and the hydrogen and remaining 
oxygen as water vapor. Only the ash of the plant material, the 
Soil-derived part, remains. Plants are the only agents in nature 
that can assemble inorganic elements and compounds from air, 
water, and soil and transform them into organic products, such 
as the sugars, star<dies, o0», and proteins. They do this hy the 
aid of Sun. Animals and man do not have this capacity, having 
to depend on plants to do it for them. 

Most of the nitrogen on Earth exists in gaseous fom in the 
atmosphere. The total wei^ of this atmospheric nitrogen over 
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each acre of land has been estimated at seventy million pounds. 
A small part of Earth’s original supply of nitrogen gas has 
been joined to oxygen by way of lightning discharges and 
brought down to the surface of Earth, dissolved in the rain* 
fall of the centuries, where it has been used by plants for the 
construction of proteins. The total quantity of nitrogen so cap- 
tured, used, and stored in the soil In the form of plant and 
animal refuse — the soil organic matter — is approximately 
three thousand pounds per plowed acre, with possibly an ad- 
ditional three thousand pounds in tlie total depth of subsoil 
lying immediately beneath. 

The nitrogen tliat is stored in this soil organic maUer, plus 
the much smaller quantity contained in the living bodies of 
plants, animals, and man, is only temporarily bound to Earth. 
In one manner or another it will be gradually released back 
into the atmosphere from whidi it came. There, this nitrogen 
gas circulates freely around the tissues of plants and through 
the lungs of animals and man without being of any direct use 
whatever. It has a certain indirect value in that it dilutes the 
supply of oxygen. Otherwise the rate of respiration of living 
things and the rate of rotting of soil organic matter might be 
unduly rapid. 

One of the most important and diiHcuU-to-solve problems of 
agriculture is that of getting sufficient amounts of tliis rela- 
tively inert nitrogen gas of the atmosphere into some combined 
form, as with oxygen or hydrogen, that will dissolve in water. 
To some extent this is accomplished by lightning discharges 
through the atmosphere, which tend to join nitrogen with oxy- 
gen in the form that can be brought down to Earth dissolved in 
the rain. Rain also carries some ammonia, a combination of 
nitrogen and hydrogen. But diis ammonia may be mostly that 
which escaped from the land during the rotting of organic 
matter located on top the soil rather than inside it, and during 
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ihe burning of fuel and the coking of coal. Tlie total amount 
of these two nitrogen compounds being brought do^m to Earth 
dissolved in the rain in humid regions is estimated at from 
three to five pounds per acre annually. Around industrial areas 
and in regions of high rainfall it may be considerably more 
than this; in desert regions it may be much less. 

But Nature has much more effective means of capturing 
gaseous nitrogen from the atmosphere and comhining it with 
other elements to form usable compounds. This U hy ivay of 
nitrogen-fixing microbes of which the rhizobia that live in the 
nodules on tlie roots of legumes are the best example. In addi- 
tion the azolohacter, which lire in the soil independently of 
legumes and use organic matter as a source of energy in ni- 
trogen fbmtion, and the blue-green algae, which also have the 
capacity to fix atmospheric nitrogen, add to the supply that 
is available for use by crop plants. Yet all of these agencies 
may not be able to obtain enougb fixed nilrogeu to meet the 
need for high acre yields of nonlegume crops. 

It was for this reason that so much interest was aroused by 
Sir William Crookes in 1898, when in an address before the 
British Association for the Advancement of Science he an- 
nounced the discovery of a factory method of joining atmos- 
pheric nitrogen and oxygen to produce nitrate for fertilizer 
purposes. Subsequently, it was found that gaseous nitrogen 
could be made to combine mlh the hydrogen in natural gas to 
form ammonia at a much lower cost per unit of fixed nitrogen. 
Later, still less expensive hydrogen became available for 
such use from petroleum refineries. Now, factories producing 
su<h nitrogen compounds by what is fcno«7i as a fixation proc- 
ess are widely distributed over the world, every country of any 
considerable size and technological competence having at least 
one such nitrogen-fixing factory. 

The oxygen of the atmosphere is a much more active gas 
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than nitrogen. It is tliis gas that makes it possible to obtain 
energy from wood, coal, oil, and natural gas in tlie burning 
process and resulting fire. Similarly, a sloAV*buming process 
without fire takes place in animals and man in which oxygen, 
taken in through the lungs, is required to produce energy. Even 
plants, tlie producers of feeds and foods, consume a part of 
their own produce within themselves by tlie aid of oxygen. 

The result of all this burning of organic substances — 
whether fast, as with fire, or slow, as in the microbe, plant, 
animal, or man — is tlie production of large volumes of carbon 
dioxide that is given hack to the atmosphere from which it 
came. This carbon dioxide gas continues to circulate by way 
of plants, animals, and the organic matter in the soil, back and 
forth betivcen the atmosphere and Earth, During its temporary 
stay in living things or in their remains, its carbon and oxygen 
constitute essential parts of the sugars, starches, oils, end pro* 
teins, The animals consuming these plant products temporarily 
retain part of the carbon and oxygen in tlie fats and proteins 
of their bodies. And the microbes that complete the digestion 
of plant and animal wastes in the soil do likewise. 

The carbon dioxide content of the atmosphere is extremely 
small in comparison to that of nitrogen, being only about 0.03 
per cent by volume. Calculated to carbon, the central element 
in the structure of plants and animals, the atmosphere contains 
less than one part in 10,000 parts, compared to 7,800 parts of 
nitrogen per 10,000. Yet the carbon requirement of plants 
is thirty times that of nitrogen. 

The question arises whether this relatively small supply of 
carbon in the carbon dioxide of the atmosphere is adequate to 
meet the needs of the highest possible acre yields of plants. 
Yet Earth’s atmosphere contains about 600,000 tons of carbon 
in the form of carbon dioxide, which Is over 1,500 times the 
estimated annual need of allthev^tation now on Eartli. 
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From time to time evidence has been developed that indi- 
cates the possible value of an extra supply of carbon dioxide 
for plants. Release of extra carbon dioxide from high-pressure 
cylinders of this gas into greenhoxises has resulted in ma- 
terially increasing the rale of growth and total yield of plants. 
The likelihood of such good effects is greater in plants grown 
in culture solutions and in sand or gravel culture than in those 
gTovm in organic-maUer-rich soils from which carbon dioxide 
is being continuously released by microbial action. Soils that 
are high in organic matter ate usually very productive, and 
the extra carbon dioxide escaping from them into the air sur- 
rounding the plants may well be one important reason for this. 
The air in low-lying areas has a higher content of carbon 
dioxide, a relatively heavy gas, than those el higher elevations. 
The Mississippi farm boy who produced more than three hun- 
dred bushels of com on one acre, a world record, did it on well- 
manured soil located in a low-lying valley area. 

The carbon dioxide content of the atmosphere is much 
smaller now than it was earlier in the history of Earth. Tre- 
mendous quantities of carbon have been locked up in the vast 
deposits of coal, petroleum, and natural gas and in those of 
limestone and coral, having been removed from the atmos- 
phere and stored in the lithosphere. But increasing amounts of 
this stored carbon are now being returned to the atmosphere 
in the form of carbon dioxide as these products are consumed 
by man. An estimated 1,700 billion tons of new carbon diox- 
ide will be refuHied to the atmosphere during the next fifty 
years. At expected increased totes of release of carbon diox- 
ide, the temperature of Earth’s atmosphere may be raised by 
as much as two degrees during the next century. Ihis may 
result in materially increasing the annual acre yields of crop 
and forest plants. 

The lush vegetation that grew during the Carboniferous 
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period and fell into the swamps to eventually develop into 
large deposits of peat and, later, coal that now exist in various 
parts of Earth may have heen related to the much higlier con- 
tent of carbon dioxide in the atmosphere at tliat time. Tliat 
was some 200 million years ago. It has heen suggested that 
the much colder climate following that period, which resulted 
in tlie piling up of huge ice deposits in the Arctic regions and 
the movement southward of the glaciers of the Ice Age, may 
also have heen related to the reduced amount of carbon diox- 
ide in the atmosphere at that time. 

In traveling across the country, whellier at home or abroad, 
most people ate quite concerned witli what they feel and ex- 
perience in the way of climate. They are concerned with the 
nature and appearance of tlic clouds, the velocity and direction 
of the winds, and the quantity and intensity of the rainfall. 
And their attention is automatically draum to Uie temperature. 

The climates of the various regions of EanJ) aie reflected 
in the activities and attitudes of people. They are still more 
evident in the nature and luxuriance of the vegetation. And 
tliey are indicated in the color, chemical composition, and 
physical properties of the soil. Wlien all tlie climatic factors 
are joined into one common dcnominalor, the lines dravfn be- 
tw een the major climatic regions usually coincide quite closely 
willi Uiose drawn between the correspondingly developed 
classes of natural vegetation and willi those drawn l>etwcen 
the major groups of soils. Somewhat similarly developed lines 
can he drawn Iwtwecn the several ethnic groups of people. 

Tlie people of llie United Stales are subject to a diangeable 
climate. Tlic great air masses tend to move from west to east, 
with relatively rapid successions of high and low barometric 
pressures. As they move eastward they are alternately affected 
by cooler winds from the north and svarmer winds from the 
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soMih. Hjese result in marked rises and falls in temperature, 
ivilh related effects on rainfalL 

Temperature drops ate often quite sudden, sometimes as 
much as 20®F. or more within twenty- four hours. The northers 
that occasionally sweep down front Canada across the Great 
Plains have been kno^m to lower the temperatures from PO^F. 
to freezing between noon and midnight. Sometimes they extend 
their course clear across Texas, as in the case of the cold wave 
that continued down to the Rio Grande Valley in 1951 with 
temperatures so Imv that some ten million of the valley’s twelve 
million citrus trees were killed. 

Similar cold waves frequently flow far do^m into Florida, 
causing serious damage to citrus and vegetable crops. Bluster- 
ing and sometimes destructive hurricanes, originsting in the 
West Indies, move northward through the Gulf Stales, on into 
New England, and out across the eastern tip ol Canada. Rata 
and snow often fall ^rith high intensity, in contrast to what 
normally occurs in similar latitudes of Europe. 

In the spring of 1889 nearly ten inclies of rain fell in 
thirty-one hours at Jamestoim, Pennsylvania, ivitb die result 
that a dam that crossed the river above the city was washed 
away and 2,000 people were drowned. In 1913, floods along 
the Ohio Rtver and its tributaries took, the lives of some 700 
people and destroyed many million dollars worth of prop- 
erty. In 1927 flood waters overflowed some twenty thousand 
square miles of land along the lower part of the Mississippi 
River, some 700,000 people being left homeless. In 3955, a 
week of rains in Oregon and northern California caused sev- 
enty-four deaths and property losses of 150 million dollars. 

On September 16, 1900, over 6,000 people lost their lives 
in a hurricane at Galveston, Texas tlial was moving across the 
country at a rale of 120 miles an hour. In September, 1928, 
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some 1,800 people Avere killed when hurricane winds of 160 
miles an hour sucked the water out of Lake Okeccliol>ce, Flor- 
ida, inundating the surrounding area. In September, 1938, 
high winds moved rapidly across Long Island and eastern New 
England with resulting loss of some 600 lives and property 
damage estimated at 330 million dollars. In 1957 hurricane 
“Audrey,” speeding across the country at 97 nnles an hour, 
wiped out Cameron, Louisiana with a loss of 350 lives. 

In April, 1937, tornadoes In on area extending from Ar- 
kansas to South Carolina resulted in the deaths of 498 people 
and properly losses of 22 million dollars. Over 200 people 
were killed by tornadoes that spread across Michigan, Ohio, 
and New England in J une, 1953, and property losses amounted 
to 93 million dollars. In May. 1955, Udall, Kansas and part 
of Blackwell, Oklahoma were completely destroyed by tor- 
nadoes, Tlie record year was 1957, when 924 tornadoes, 230 
of them in May, were reported in the United States. 

One would think from listening to the radio and reading 
the newspapers Uiat the people of Uie United States were being 
largely destroyed by cyclones and hurricanes, ruined by tor- 
nadoes, washed away by floods, frozen by blizzards, melted by 
extreme summer heat, or choked by dust storms. All these hap- 
penings occur from time to lime and from place to place. 
They are of much concern to those directly affected and of 
great interest to all others. Yet they are relatively uncommon 
when applied to any one spot or any one person. Tliey are Avhat 
are known as “climatic accidents.” 

These ups and downs in weatlier are believed to be largely 
responsible for tlie restless energy of tlie people of this coun- 
try. A uniform climate, whether wet or dry or hot or cold, is 
not nearly so stimulating as a changeable one. And between 
such drastic changes there are sufliciently long periods of cool 
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and bree^ weatlier in bolh the northern and southern parts of 
the mainland of the United Slates to make ours a stimulating 
climate. Standing up against the extremes of the elements is 
an exciting part of L'fe’s adventures in this country. 

Except for Alaska, the United States has nothing compar- 
able to tlie continuously low temperatures of Siberia. Its great 
drouths do not approach the frequency of (hose in the Ukraine. 
The hot and rainy monsoons dial dominate life in India and 
Southeast Asia between June and October are unknown in this 
country. The great typhoons that sweep across Okinawa and 
the Philippines have no counterpart in our experience. Noth- 
ing in the climate of this country is as troublesome as the hot, 
dry winds that more or less constantly prevail over a vast area 
in North Africa and across the Near East. And ivben a period 
of disagreeably cold, wet weather such as is common in the 
British Isles and Central Europe comes to pass, it is soon for- 
gotten in the bright sunshine that follows. 

Much of the United States is dimaticaUy rich. It has heavy 
rains, interspersed with an abundance of sunshine. It has a 
temperate climate. Intermittent rainfall and sunshine in a 
temperate climate permit the growing of a great variety of 
agricultural plants, virtually every kind that can be grown 
any place on Earth except for the distinctly tropical types. And 
all the crop plants can he grown to high levels of production 
per acre. 

The climate of any localized area can often be materially 
altered by man. The most successful large-scale examples are 
the many millions of acres of irrigated land in the arid regions 
of Earth. Large quantities of water ate made available for 
use on arid lands from rivers originating in higher elevations 
of heavy rafnfaU, long distances from the areas where irriga- 
tion is being practiced. And irrigation practices are being 
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rapidly extended for overcoming seasonal drouths in humid 
regions, large quantities of water being impounded during 
periods of heavy rainfall for use later in the year. 

Forests serve a highly useful purpose in ameliorating the 
climate of nearby areas. They act as wind barriers, as agents 
for increasing infiltration into the soil of the rain and snoW 
that fall, and as aids in preventing loss of the soil itself with 
consequent devastating efTecis on the capacity of the land to 
absorb and retain water. Large areas of land around the Medi* 
lerranean Sea and in the Near East that are known once to 
have been covered svith forests are now virtually desert. The 
famous cedars of Lebanon of Solomon’s day are now reduced 
to a mere five-acre, fence-protected grove surrounded by moun- 
tainous desert land that has been overrun by goats, which are 
believed largely to have been the ultimate cause of the de- 
struction of these forests. Possibly, however, a long-time 
change in climate was also involved. 

To expand agriculture into the frigid zone calls for breed- 
ing plants and animals for greater cold-hardiness. Plants must 
he bred to reach maturity in a shorter period of time. Some 
help can be realized in limited acreages by covering the soil 
Vfith powdered coal or by using blai^ paper. Much interest 
has been aroused in microclimate, which is tliat near the sur- 
face of the soil as distinct from that recorded by the usual 
meteorological stations that are often located on the tops of 
tall buildings, or at least, at the height of men’s heads. 

Parts oi the high-rainfall tropics oiler great possibilities for 
agricultural expansion, providing conditions can be made 
more favorable for man. Once the rain forest has been cleared 
away and water has been brought under paddy control for the 
production of rice, a region such as the vast valley of the 
Amazon River would be capable of producing large tonnages 
of this highly important food crop. The remaining tropical 
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forests tiemselres could, no doubt, be put to mucb more effec- 
tive use in the more rapid production of tropical timber and 
in the growing of nuts and fniils if some means of water control 
could be effected. 

Probably the greatest need in the deTclopment of humid 
tropical r^ions is air conditioning for man. If this w ere made 
possible during his sleeping hours, it might well overcome 
much of the lethargy that lends to overtake the people of the 
tropics, nefrigeration for food and drink would also have to 
be developed on a large scale. But neither of these develop- 
ments is beyond ibe possibilities for the Amazon River Valley 
or for similar tropical regions in other parts of the world. 

The climate of any region is not a constant. It lends to op- 
erate in cycles. Some of these cydes are evident in the con- 
centric rings that are seen in cross-sections of trees. The United 
States has experienced three serious drouths of record. They 
occurred around I860, in 1893-9S and in 1935-38. During 
the 1933-38 drouth, about 90 per «nl of the settlers on the 
Great Plains abandoned their farms. Wheat production in the 
area from the Dakotas southward through Texas was cut in 
half, and com production was only about one-third that of the 
predroutli average. 

hfuch longer climatic cycles than these are known to have 
occurred. The Dark Ages, between the fall of the Roman Em- 
pire and the Renaissance, was a warm period in Europe. Ce- 
reals were grown in Iceland, wine was produced in Great 
Britain, settlements were established in Greenland, and the 
northeastern coast of North America was explored by Norse- 
men. This heat wave is beliered to liave reached its peak about 
A.D. 850. Aftenrard, the temperature dropped gradually to 
reacli its lowest level about one thousand years later. 

Since 1850 the temperature of the Northern Hemisphere has 
been gradually rising. It is now well on its way to a new peak. 
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winch might well occur in or about the year 2850. In the event 
this happens, vast quantities of ice in the Arctic regions will 
he changed to water. An over-all rise of 2°F. in the tempera- 
ture of Earth would, it is believed, melt all the polar ice. In 
any such event nations like Canada, the Scandinavian coun- 
tries, and the Soviet Union would be greatly favored in both 
tlieir agricultural and industrial developments. 

But such cycles repeat themselves. Once all tlie Arctic ice 
had melted and free circulation of water had set in between 
the oceans and the polar seas, more rain and snow would 
fall, glaciers would begin to form and grow, and the next 
soutliward invasion of the ice would probably occur. After 
several thousand years, a deep layer of ice might again cover 
large parts of North America and northern Europe. 
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Nothing that is can pause or stay 
The moon tcitl xcax ike moon icill tcane 
The mist and eloud teSl turn to rain 
The rain to mist and etcud again, 

Tomorrow be today. 

— KtlL^UOS 


Chapter Seven 

THE RAIN THAT FALLS UPON US 



WATER, the colorless, odorless R^‘d that is so essential to 
the well-being of every living thing on Earth, comes nearer to 
being a universal solvent than any other liquid kooivn. Almost 
everything water touches will dissolve in it to some degree, 
and many substances disappear entirely from sight when 
brought into direct contact with water. 

Consequently, water never exists in a pure stale in nature. 
It normally contains at least traces of all the mineral elements 
found in rochs and soils. Small amounts of most of the gases of 
the atmosphere, oxygen and carbon dioxide in particular, are 
found dissolved in the water that falls as rain. And rain also 
carries ammonia and other gaseous compounds of nitrogen 
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evaporalion from ihe surfaces of inland lakes and from the 
land, including that transpired by the leaves of plants and that 
respired by animals and man. 

All this water is annually returned to land and sea as rain. 
Since the sea covers nearly three times as much surface area 
as the land, it receives the larger part of this return. Thus, of 
the total quantity of water evaporated annually, an estimated 
71,000 cubic miles of it falls back into the sea, leaving 24,000 
Cubic miles to rain on the land. If all the rain that falls on aU 
the land of Earth fell on the mainland of the United States, it 
'Yould he equivalent to a layer of water forty feet deep. 

Rainfall is not distributed evenly over the sariace of Earth. 
OnC'ihird of the land surface of Earth, including a large part 
of the tundras in the Arctic regions, receives less than ten 
inches of rain a year. But the rainfall in a number of Ysidely 
scattered areas, notably in the mountains and the tropics, ex* 
ceeds 80 inches annually. Some nine million acres of land in 
the United States has a rainfall of 80 to 100 inches annually 
and three million acres receive more than 100 inches. On lim* 
iled areas of Earth the rainfall amounts to as much as 200 
inches a year. Over a seventy-four-year period the rainfall at 
Qierrapunji, India, averaged 450 inthes a year. Tlie record is 
believed to be 471 indies, the average yearly rainfall on Mount 
Waialeale, Island of Kauai, Hawaiian Islands, for the years 
1912-49. 

Some of the precipitation is snow, sleet, hail, fog, or dew, 
but all of it is calculated to its equivalent in rain. An occa- 
sional snowfall, like tliat of the rain, may be very heavy. On 
December 26, 1947, over 25 inches of snow was deposited in 
New York City and the surrounding area in twenty hours, al- 
most five inches more than fell during the famous blizzard 
of March 11-12, 1888, that paralyzed the whole region from 
Philadelphia to New York and Boston. At Silver Lake, Colo- 
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rado, seventy-six inches of snow fell in twenty-four hours dur- 
ing the storm of April 14-15, 1921. The average annual snow- 
fall in Rainier Park, Washington, is 575 inches, and during 
one season it totaled over 1,000 indies. Hailstones, which fall 
from time to time and place to place, often with great destruc- 
tion to crops, varj’ in size from pellets the size of a pea or 
smaller to those as large as baseballs- And tliere have been 
occasional reports of much larger blocks of ice falling from 
the skies. 

Water grows lighter per unit volume as it freezes. This is for- 
tunate, since otherwise ice would sink to the bottom of any body 
of water on which it was formed. If this occurred, many lakes 
would contain deposits of ice the year round. 

Water flows freely from place to place, seeking an ever 
lower level. If it soaks into the soil it gradually finds its way 
downward to some more or leas permanent water table, assum- 
ing there is a suiEcienl supply of water to saturate the soil. 
From such an underground location it may seep out to become 
a flowing spring, occasionally hundreds of miles from where 
the rain fell. If the ivater runs oil ihe surface of the land it 
will be carried downstream and most of it may ultimately 
reach the sea. 

Dry soil resists wetting. But once it is wet, water usually 
flows readUy across its surface, provided there is an outlet 
at a lower elevation for its escape. Water is its own lubricating 
agent. And this same lubricating value is realized in the move- 
ment of water into the roots of plants, through the several plant 
tissues, and out through the stomata on the under sides of 
the leaves. These stomata are small openings the sizes of which 
are regulated hy guard cells in relation to the supply of water 
at the plants disposal and the moisture in surroxmding air. 

Water also serves as a lubricating agent for the passage of 
the necessary soil-derived nutrients that move from the soil 
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into ihe plant during its periods of growth, flowering, and 
fruiting. Tltese dissolved substances usually flow with the 
stream of water. But they may move at a slower or a faster rate 
than the water. Under certain conditions substances dissolved 
in the water in the tissues of plants may move in the reverse 
direction to that of the flow of water, even escaping back into 
the soil from which they may have come. Some of the sub- 
stances that ate excreted hy plant roots may be organic com- 
pounds that were produced inside the plant from the raw ma- 
terials derived from air, water, and soil. 

Wafer and the soil-derived nutrients move from the soil into 
the plant. Usually, only the water, and orJy a part of that, 
escapes by ivay of the stomatal openings. On its way through 
the plant some of the water is wilbd^a^5n from the main stream 
and used as one of the building blocks in the construction of 
sugars, starclies, oils, proteins, and the other organic consti- 
tuents of plants. But only the hydrogen of the crater is used, its 
oxygen being given ofl into the atmosphere. Thus a plant serves 
to purify the air, taking carbon dioxide out of the air, usmg 
it in conjunction ^rith the hydrogen of srater to make carbo- 
hydrate, the fint substance produced, and yielding up oxygen 
to the atmosphere. 

From three to five hundred pounds of water are transpired 
from plants — breathed out through the stomatal openings — 
for each pound of dry matter prodnced. A large percentage of 
the total green weight of a plant is uncombined water that 
quickly disappears on harvesting and drying the plant in the 
open air. And still more water can be driven oil in a drying 
oven. Bluegrass, alfalfa, clover, and other forage crops lose 
water to the extent of 70 to 75 per cent of their green weight 
on being dried in an oven at lOa'C., or a little above the boiling 
point. Apples, potatoes, tomatoes, and cabbages are from 80 
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to 90 per cent water- The water content of such grains as com, 
wheat, and rice, as they move through trade channels, is about 
10 to 15 percent of llieir weight. 

An acre of good land in the temperate regions of Eartli will 
yield about ten thousand pounds dry matter per crop season. 
Tliat is about the amount of dry matter in the stalks and grain 
of a com crop yielding one hundred bushels an acre. If the 
loss of water by transpiration vras three hundred pounds per 
pound of dry matter produced, such a crop of com would have 
absorbed from the soil and made use of a layer of water more 
than ten inches deep over the acre during its period of growlli. 

A mature apple tree may transpire as much as forty gallons 
of water a day during die active growing season. Calculated on 
the basis of thirty-two trees an acre, this would indicate a 
daily need of about five tons of water an acre, plus the amount 
lost directly from die surface of the soil by evaporation and 
that used by the tree for new growdi and leaf and fruit pro- 
duction. Stmiktly, vegetables and hay crops transpire large 
quantities of water and grow best under conditions of a liberal 
supply of this essential nutrient at all times. 

Ordinarily, all this ivater comes from die rain by way of 
the soil. In the absence of irrigation, the rate of groivdi of 
plants in a field or forest depends largely on the amount of 
tainiall that can be stored in the soil in a form available to 
their roots. Once water soaks into the soil, it is held more or 
less tenaciously by die soil, up to a point approaching satura- 
tion. Of this water that is stored in tlie soil, only a part is avail- 
able todieroots of the plant growing in the soil. In other words, 
the soil and plant compete with eadi other for any water that 
remains in the soil after any excess of the soil’s storage ca- 
pacity has drained away through underground channels. And 
dry air flowing over the 8urfa(% of the land is another com- 
petitor of plant and soil for water. 
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The capacity of soils to retain water against the pull of 
gravity and that of roots of plants varies greatly, being highest 
in those containing large amounts of day and organic matter 
and lowest in those that arc mostly sand. If no additional water 
is added to the soil by tain or irrigation, tlie plant will continue 
to withdraw water from it until die rate of root intake is slowed 
down to the point where it is less than tliat at which ivater is be* 
ing transpired from the leaves. At this point the plant wdlts and 
growth essentially ceases. But the soil may still contain water 
equivalent to 10 per cent or more of its dry weight. 

Soil storage of water is luglily important as a means of tid- 
ing a plant over betw een rains. The amount of such storage de- 
pends on the nature of the soil. But U>e quantity of water at the 
plant's disposal also depends on the depth to which conditions 
are favorable for the penetration of its roots, since they tend to 
grow farther down into the soil as the supplies of available 
water in the upper layers are exhausted. The roots are seeking 
the water rather than the ivater seeking the roots. The roots of 
most plants grow downward from four to six feet or more in a 
well-drained soil. 

Tile roots of some plants grow much deeper than this, assum- 
ing there is nothing in tJie subsoil to interfere. In Kansas and 
neighboring states, where rainfall is relatively limited and the 
rate of evaporation of water from the land surface is rapid, sub- 
soils are seldom saturated with water for any considerable per- 
iod of time, if at all. Thus there is nothing to prevent the con- 
tinued, year-afier-year, downward extension of tlie roots of a 
perennial plant like alfalfa, which may extend the period of its 
growth for hventy years or more. Under such conditions the 
roots of alfalfa plants have been knovvn to grow downward 
twenty-five feet or more, robbing the soil of its stored moisture 
as they went. And the roots of perennial grasses may do like- 
wise. Ibis may have serious consequences since, if for any rca- 
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son the land is plo^ved in preparation for planting a new crop, 
only the deep-down supplies of stored water remain, and the 
crop may not survive a drouth long enough for its roots to reach 
to water deptli. 

The portion of tlie total precipitation, including the rain, 
snow, dew, and fog that will he available for crop production 
during any given period depends on how much of it is stored in 
die soil in available form, how mudi of this is lost from die sur- 
face of the soil by evaporation, and how much of it is required 
to be transpired from the leaves of the plants. A value known 
as the precipitation-evapotranspiration ratio has lieen found 
useful in arriving at the boundaries of the several climatic 
zones of Earth. 

Tliis ratio must be thouglii of m terms of the land in Its vlr* 
gin state where loss of water by way of underground drainage 
and surface runoff is determined by nature rather than as modi- 
fied by man. Maps developed from precipitotion data alone 
differ markedly from those obtained by the use of precipita- 
tion-evapotranspiration-ratio data. The latter maps have a 
strong resclmblancc to those showing the natural vegetation 
areas of the region under study. 

In the United States, for example, lines connecting points of 
equal precipitation tend, by and large, to run nortli and soutli, 
particularly through the com and wheat areas of the central 
states. Thus the line connecting points having an average an- 
nual precipitation of twenty inches extends southward from 
tlie Dakotas tlirough Nebraska, Kansas, Oklahoma, and Texas. 
Lines connecting points of equal potential evapotranspiration 
values tend to run east and west Tlius the twenty-seven-inch 
line of yearly potential evapotranspiration starts in New Jersey 
and extends across Pennsylvania, Ohio, and Indiana and 
through Illinois and Iowa to Nebraska. 

Tile effective moisture supply, represented by the ratios of 
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tliese two sets of values, is best shown by the natural vegetation 
that existed over what is noAv the United Slates of America when 
the first European settlers arrived. Beginning at the east coast 
the land was covered with dense forests of deciduous trees. 
Tbese merged into a mixed growth of deciduous and evergreen 
forests to the northeast and roostl}' pine forests to tlie southeast. 
West of this tree bell ivas a vast area of land lljal was covered 
mostly with tall grasses, constituting the prairies. Farther west 
the Great Plains were covered with short grasses. And still 
farther west the typical veptation of semiarid and arid lands 
appeared. In the Pacific Northwest, where rainfall was also 
heavj’, dense forest vegetation again appeared. 

Since trater is so essentia) for the gTo\tlh of crop plants, ever 
greater effort is being made to store more of that which falls as 
rain and snow. Hiese measures have value not only in terms of 
saving water for later use but for prm'enimg loss of soil by 
water erosion. The problem is one of getting as much as possible 
of this tvater to soak into the soil where it falls, any excess he> 
ing removed by natural underground dramage channela or by 
those provided by man. 

The starting point in getting water to soak into the soil of 
rolling land is to farm it on the contour. This calls for ^vorking 
the land on the level across (he slope rather than up and do^m 
the slope. As faras feasible, ibeland is kept covered with dose- 
planted vegetation, such as small grains, grasses, forests, and 
cover crops. Where it must be cultivated during the crop sea- 
son, as usually applies to cotton, com, vegetables, and similar 
row crops, modem practice calls for leaving as much as pos- 
sible of the refuse of previous crops on the surface to break the 
fall of the raindrops on the soil and permit greater infiltration 
of the water into the soil. 

When the rain at any one time and place is so heavy that some 
of it will run off the surfa^ whatever special measures have 
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been taken to prevent this, some method of control of the sur- 
plus water must be provided. So far as any particular farmer’s 
fields are concerned, the best means of easing tliis water down 
the slope to stream-bed levels is by way of fairly wide, shallow 
channels that are kept permanently covered with grass. 

Since streams of water may grow in volume from those of 
die tiny rivulets of springs at die start of a watercourse to rain- 
carrying creeks that grow into ever larger rivers, provision 
must be made for the control of their accumulated waters at 
times of abnormally heavy rainfall within the individual water- 
sheds. Two agencies in the United Slates endeavor to merge 
their efiorts in such control of water. One of these is the Soil 
Conservation Service of the United States Department of Agri- 
culture and die other is the Army Corps of Engineers. 

The Soil Conservation Service thinks of this water as some- 
thing to be saved; dierefore, widi the aid of the Soil Conserva- 
tion District supervisors and the farmers of their districts, tlie 
Service endeavors to get as much as possible of it to soak into 
the soil where it falls. The surplus iscarried off by way of grass- 
covered channels and emptied into the nearest streams. But 
these creeks, of ever growing size domislream, may build up 
to flood proportions in time of heavy rainfall. Accordingly, 
efforts are made to provide upstream storage behind dama 
thrown across the streams so that downstream build-up is de- 
layed. In general, these upstream dams are multiple purpose 
dams. They are built on the assumption that they will store 
water for at least two purposes. One of these is for flood pre- 
vention and the other is for saving water for later use in irrigat- 
ing cropland. But there is nothing to prevent the use of this 
stored water for growing fish or for swimming and other recrea- 
tional purposes. To effect all these purposes the dams must be 
built higher than would otlierwise Iw required. 

Tlie Army Corps of Engineers deals more largely with the 
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doivnslream build-ups 0 / water tbat Jead to disastrous floods 
over large areas of land toward lie mouths of the great rirere. 
Their purpose is to control the flow of excess water so that it 
moves as quiddy as possible into ever larger streams and on 
out to sea. This calls for straightening stream courses and build- 
ing long levees and big dams of the expensive type, in compari- 
son to the relatively small unit costs of the upstream water con- 
trol and storage measotes. These ttvo concepts of management 
of excess water can be merged at some point along the line of 
the flow of t\'ater to good effect. 

Tn areas of deficient rainfall a primary problem is that of 
obtaining vrater from some not-too-distant area of heavy rain- 
fall and conducting it to the points of need. The collecting 
points for tliis water are usually mountain ranges where the air 
currents, on rising to pass over the mountains, cool and drop 
their loads of water. The iraierbolding capacity of the air at 
70*F. is only one tvienty-fifih as much as it is at 100*F., and at 
50®F. it is only one-fiflietli. 

Vast irrigation projects to carry water from far distant moun- 
tainous regions of high rainfall to desert areas were undertaken 
long before the Christian Era in Assyria, Babylonia, Egypt, 
China, India, Greece, and Rome. And many millions of acres 
of land in these and other countries are still tinder irrigation, 
vnlh ever greater plans for collecting and storing more water 
for such purposes. 

Some 27 million acres of land in the western half of the 
United Slates is now being irrigated, and enough more water 
is available for possibly 20 million acres more. But rapid 
grotfth in population along the West Coast requires that more 
and more of this water be reserved for city and industrial use. 
This increasing demand for water has made it necessary to give 
serious consideration to means by which the supplies of water 
can be increased. Of these, the possibilities of making it rain 
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more frequently and in larger amounts and of taking tlic salt 
out of sea ^valer arc the most important. 

A great deal of exploratory work has been done toward de- 
veloping means of making it rain, particularly in connection 
witli supplying more water to the semiarid and arid regions of 
the United States. Many clouds that are capable of supplying 
water move across the country without dropping their loads on 
the land. Much of the w&itr in these clouds is dumped into tlie 
ocean. The problem is one of locating such clouds while they 
are over the land and treating them in such a manner to cause 
the water to condense and come down as rain or snow. 

Two methods of cloud seeding have been widely employed. 
One is an over-seeding procedure in which dry ice — solid car- 
bon dioxide— is dropped into the clouds by airplane from 
above. The other involves the use of silver iodide smoke that is 
driven up from beneath the clouds by ground-based blowers. 
The average increase in rainfall from seeding clouds is esti- 
mated to be between 5 and 22 per cent, with one chance in ten 
that it will be above or below Uiese percentages. 

Cloud-seeding operations have given the most dependable 
results on the windward elopes of the mountains along the 
Pacific Coast, and especially during the late winter and early 
spring months. This permits the belief that much more tvater 
might be available for irrigation purposes in arid areas tliat 
are located within reach of tliese mountains by canal. 

Further study of this problem should result in the develop- 
ment of techniques by which more rain could be made to fall 
not only in these mountains bat in other areas as well. The latest 
development along this line is that suggested by scientists of the 
Naval Weather Service who propose to release carbon black, 
a finely divided product, inside die clouds. These black parti- 
cles of carbon absorb the heat of the Sun, lose some of their 
moisture by evaporation, and thus lend to build up the rnoismre 
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content of tie air in between. Once enough water is collected at 
any point to form a droplet, this droplet tends to set o5 the rain- 
maHng process as it falls through the cloud. 

There is considerable evidence to indicate that it might be 
possible to make rain fall with greater regularity and at more 
suitable intervals across the entire United States by regular 
applications of cloud-seeding materials. Such studies have been 
conducted over considerable periods of time under the direc- 
tion of scientists of the General Electric Company, >rilh quite 
promising results. 

Purification of sea water for agricultural use is an intrigu- 
ing subject. Methods of separating water from salts that are 
dissolved in it are well-known. These include distillation, elec- 
trodialysis, osmosis, and freezing, which involve the use of heat, 
electric current, exchange resins, and refrigeration techniques, 
respectively. The problem is one of relative costs. Since no 
very large-scale plants are in operation as yet, the costs can be 
calculated only from small pilot plants. Su^ estimates may not 
apply to operations of giant size that would certainly be re- 
quired for these purposes. 

The price the consumer can afford to pay for water depends 
upon the use he expects to make of iu If a man was dying of 
thiret, the cost of any pure water he might be able to come by 
would be essentially immateriaL For city users in general an 
effort is generally made not to allow the cost of water to exceed 
thirty-five cents per thousand gallons. Industrial users in the 
United Slates might be willing to pay as mudi as three dollars 
per thousand gallons. But for agricultural use, where the value 
of-water is measured in terms of what the extra produce can be 
sold for, the cost under present conditions cannot exceed about 
twelve cents per thousand gallons. 

It is conceivable, of course, that it may be found necessary in 
due time to take large quantities of ivater from the sea, even 
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ttough costs of purification are somewhal higher than those 
mentioned. But it is also possible lhat greatly improved means 
of separating sea water from the salts dissolved in it will be 
developed whereby the costs may be materially lowered. The 
lowest estimate by methods now known is sixty cents per tliou- 
sand gallons for large-scale operations. 

The costs of purifying water referred to are at tlie point of 
origin, which is at the seashore and at sea level. But the need 
for water for agricultural use is usually far inland from the 
sea, and at considerably hi^er elevations than the sea. Move* 
ment of purified sea water to such points of need will add great- 
ly to its cost applied to the land. Only a relatively small per- 
centage of the total area of desert and semiarid land in the 
United Slates, which totals some 750 million acres, is likely 
ever to be irrigated with water from the Pacific Ocean. 

Even in areas of adequate rainfall, as measured by the aver- 
age amount of rain that falls per year, there are frequently 
troublesome periods of drouth. These may result in materially 
reducing acre yields or in the complete destruction of crops. 
During the great national drouth of 1932-38, the crops in the 
states west of the Mississippi River were poor indeed. In the 
middle of the summer of 1936, one driving across these states 
saw scarcely a green leaf in the fields or on the trees, except 
along the watercourses. Occasional fields of deep-rooted alfalfa 
were ahle to survive by teaching ever farther down below the 
surface for water stored at still lower depths. 

There are various means of combating the effects of such 
drouths. Crops of greater drouth resistance can be bred and 
grown. larger amounts of the falling rain can be saved by im- 
proved methods of soil management lhat are designed to in- 
crease infiltration of water into the soil and storage for summer 
use. A great deal of attention is l»ing given to supplemental 
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irrigalion, wLich is (pjile a different mailer from lhat of using 
irrigation xvater in arid repons where no crop ^rhatever could 
be produced without the water thus supplied. 

Since the annual rainfall of humid regions, on the average, 
is more than adequate for the production of hi^ acre yields of 
the crops normally grown, enough water can often be stored 
during periods of surplus rainfall to meet the needs for supple- 
mental irrigation in occasional periods of drouth. One such 
storage system calls for upstream dams tltat are built primarily 
as an aid to ffood prevention but wilb the further thought of 
saving ivater for irriga lion purposes. Another calls for the con- 
struction of farm poods, many thousands of wbiclt have been 
built in tlje United States daring the last quarter centtuy', niese 
ponds not only provide water for supplemental irrigation but 
for livestock, fishing, and recreational purposes as well. Sup- 
plemental irrigation is being applied to some three million 
acres of cropland in the eastern ball of Uie United Stales. 

In many parts of tlie extensive coastal plain along die At- 
lantic Ocean and tlie Gulf of Me3dco, a more or less permanent 
water table can he readied at a depth of ten to twenty feel be- 
low the surface. The soil is so sandy that die rainfall, which is 
relatively high in that region, percolates downward readily 
to maintain these supplies of water. And additional ivater, 
which often comes to the surface in ever floiving springs and 
artesian wells, reaches these areas through underground chan- 
nels from tlie mountain-covered areas farther inland. 

Water rights are a troublesome problem. TTie principle 
of riparian rights, •which involves tlie privilege of using -waler 
tliat Bows through one’s property in accordance with prior 
established practice, is being reconsidered in relation to the 
needs of all^e people ivitliin the several great watersheds. Con- 
flicts of interest occur not only between individual orniers of 
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irrigalioo, ^tLicb u quite a difierent matter £rom lliat of usiog 
irrigation water in arid regions where no crop wliace>'er could 
be produced ^>itbout the water thus supplied. 

Since the annual rainfall of humid regions, on the average, 
is more than adequate for the production of high acre yields of 
the crops normally grouTt, enou^ water can often be stored 
during periods of surplus rainfall to meet the needs for supple* 
mental irrigation in occasional periods of drouth. One such 
storage s)'stem calls for upstream dams that are built primarily 
as an aid to flood prevention but with the further thought of 
saving water for irrigation purposes. Another calls for the con. 
struction of farm ponds, many thousands of uhlch have been 
built in the United Stales during the last quarter century. These 
ponds not only provide water for supplemental irrigation but 
for livestock, fidiing, and recreational purposes as w'ell. Sup* 
pleznenul irrigation is being applied to some three million 
acres of cropland in the eastern ball of the United Slates. 

In many parts of the extensive coastal plain along the At* 
lande Ocean and the Gulf of Mexico, a more or less pennanent 
water table can be reacbed at a depth of ten to tu'enty feet be* 
low the surface. The soil is so sandy that the rainfall, which is 
relatively high in that region, percolates dow^i^s•a^d readily 
to maintain these supplies of water. And additional water, 
^rhich often comes to the surface in ever flowing springs and 
artesian wells, reaches these areas through underground riian* 
nels from tlie niountaia<overed areas farther island. 

Water rights are a troublesome problem. The principle 
of riparian rights, which involves the pririlege of using water 
that flows through one’s property in accordance witli prior 
established practice, is being reconsidered in relation to the 
needs of all the people within the several great watersheds. Con- 
flicts of interest occur not only bet^veeQ individual owners of 
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land but between farmers and townsmen, and between towns, 
cities, counties, and states. Studies have been made in a number 
of states in preparation for remedial legislation. 

It would appear tliat a fanner will always be entitled to the 
privilege of conscrvuig and using all ibe rain tliat falls on his 
o^vn land, even if he cannot help himself to all the water tliat 
may flow through his property. Hie building of iana ponds 
and the adoption of any improved practices that will result in 
making more of the rain soak into the soil are certainly within 
his rights, and he is taking ever greater advantage of tliem. 

Whatever precautions may be taken to hold water back by 
upstream dams and to speed its flow downstream by straighten- 
ing channels and building levees so that it can hurry on faster 
to the sea, disastrous floods will continue to occur. Tlicse are 
due to abnormally high intensity of ramfall for considerable 
periods of time, sometimes locally and sometimes over wide 
areas in a given watershed. Such excessive raio/all may come 
only once in £fty years, once a century, or once in a tliousand 
years. But when it comes, our man-made structures may be un- 
able to contain it. 

Great losses of life and property such as are believed to have 
occurred in the land of Canaan in Noah’s time around 3000 
B.c. and are known to liave taken place during the first great 
flood of record along tlie Yellow River in 2297 b.c. are still 
occurring from time to time and place to place over the surface 
of Earth. And fliere is every reason to believe that many more 
such floods will occur in the years ahead. 

Tlie increasingly high loss of life and the ever greater dam- 
age to properly from floods arise from the fact that people tend 
to settle and develop towns and cities on the flood plains of 
rivers because of their relatively flat topography and the great 
depths of rich alluvial soil that cover them. Some 500 million 
people in India, China, and other nations of southeastern Asia 
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ate located on such land, where they grow rice. And an ever in* 
creasing number of people in the United States are building 
their homes and factories in such locations. The disastrous 
flood that occurred along flie hlissouri River at Kansas Gty, 
Missouri, in July, 1951, was a relatively recent reminder that 
a great deal more must be done in the United States if further 
serious losses of life and property on such flood plains are to 
he abided. 

In some areas floods are repeated with considerable regular* 
ity, and heavy expenditures for their control can readily he 
justified. But many floods occur at unexpected times and in un* 
expected places. This applies particularly to those following 
severe thunderstorms, which occur almost anywhere, including 
the desert. Similar irregularity of lime and place of occurrence 
ia shown with storms arising in the tropics that move across 
the country as typhoons and hurricanes. And snow accumula* 
tions in the cooler and moister regions of Earth present great 
hazards that often materialize into heavy damage from ava* 
landies or from floods with the comlogof warm spring rains. 

Continued growih in population and industry and improve- 
ments in standards of living are resulting in a rapid increase in 
the consumption of water in cities and suburban areas. And 
many modem developments, such as the coostrucdoa and pav- 
ing of ever larger mileages of streets and highways of ever 
greater ^vidth, tend to greatly increase the amount and rate of 
ninofl of rain ivilhout its having served a very useful purpose. 

Extensive water-pumping operations for city and farm use 
have already so lowered tiie water table in regions of low or 
essentially no rainfall-renewal of water supplies that costs 
of pumping are becoming prohibitive. One such location is that 
near Lubbock, Texas, where a large underground reservoir of 
water has been tapped for irrigation purposes. This is a region 
of relatively low and undependable rainfall. And, as yet, no 
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satisfactory solution for the renewal of tills water supply has 
been devised or found. 

A similar problem is presented in cities that are located 
along the seaboard, where water is obtained from wells. As the 
population grows and water consumption increases, the water 
table is often loivered to the point where trouble is experienced 
ivith seepage of sea water into the ground*water supplies that 
are being used. This may occur even in regions of relatively 
high rainfall. 

A great deal of attention is being given to the underground 
storage of water from excess flow in rivers and from occasional 
heavy downpours in arid areas. And the same principle applies 
to the re-use of industrial waters by way of storage ivells in the 
humid regions. In some localities the elBuent from city sewage* 
disposal plants and the runoll from city streets is being col- 
lected and stored in underlying sandy strata. 

IMore aud more attention will have to be given to every phase 
of the problem of maintaming adequate supplies of fresh water. 
There is good reason to believe that this problem can be solved 
in most areas by application of several techniques that are now 
being experimented with. But a great deal more work along 
this line will have to be done. 

It can he expected, however, that the cost of ;&e5h ivaler in 
cities, in relation to the cost of other goods and services, will 
increase materially in comparison to what people have been 
accustomed. And it may be that pure ^vater irill come to have 
much greater value to everyone, relative to other wants and 
needs, than it does now. In any event, water that falls as rain 
is free, except for the cost of accumulating it and delivering it 
unithout contamination to the points of need. And rain, there- 
fore, is likely to become even more appreciated as one of the 
most important and essential gifts of nature. 
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The uAof« oj life «, in iu simpUst temta, a struggle for free energy, 
uhether U be beiiceen iAnib and tree for a place in the Sun, beliceen 
locust and rabbit for the energy-buUJing compounds oj leaves, or be- 
ticeen lion and tiger for the flesh of the antelope. Free energy oU living 
things mwX Anc«, for uithout it change is petrified — and change is life. 

— ftlU^ W. CCftASS 


Chapter Eight 

Oim PLACE IN THE SUN 



THE Colossus of Rhodes, a huge brooze slatue of a giant bear- 
ing a torch in his uplifted band Avith a foot fuinly planted on 
the land on each side of the river that flowed into the principal 
harbor of the Island of Rhodes in the Medlterninean Sea and 
with the ships passing between his legs, was built in honor of 
Helios, tlie sun god. Twelve years were spent in designing and 
constructing this famous statue, one of the Seven Wonders of 
the World. Completed in 280 B,C., unfortunately the statue 
was destroyed by an earthquake flfty-six years later. 

This great work of Chares was an indication of the awe and 
reverence in which Sun was held by the people of ancient 
Greece. Helios, sometimes known as Apollo, was credited with 
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driving his flaming chariot across the sky from cast to west, 
starting each morning after the Hours had harnessed and bitdi* 
ed his four horses to it. And each day Helios returned faitliful* 
ly to perform his dangerous mission. Milton, commenting on 
this performance, wrote: **Now tlie guided car of day his gold* 
en axle doth allay in tlie steep Atlantic stream. And tlie slope 
Sun his upward beam shoots against the dusky pole, pacing to- 
wards the otlier goal of his chamber to the East." It is little won- 
der tliat the Uien unpredicted eclipses of Sun that darkened 
Eartli during tlie day from lime to lime and sent the chickens 
to roost Tvere viewed witlt great consternation and alarm. And 
these fears still persist among many of tlie less enlightened 
peoples of Earth. 

Man and Earth were tong thought to he the center of the uni- 
verse. It was believed lliat Sun revolved around Eartli. But Uiis 
concept was finally dispelled with proof that the reverse was 
true. Sun Unally came to be recognized as the center of a solar 
system of which Earth constituted only a small part, even 
though that part is highly Important to the people who live on 
it. But it may be well to be reminded that Sun is now known to 
be a mere dwarf among tlie many suns (stars) one sees in tlie 
skies during a clear night. And beyond the solar system, with 
which man is reasonably familiar, are many stellar systems, 
called galaxies, which constitute the universe. The stars are 
numbered in billions, and millions of planets like Earth are 
believed to be revolving around them. 

But Sun is extremely important to the people who inhabit 
Earth. Although it is 93 million miles away from Earth, its 
rays, traveling at the rate of 186,300 miles a second, not only 
light the way for man but provide the heat that makes existence 
possible for him on Earlii. Its surface temperature is around 
11,000'’F. Tlie light energy of Sun is transformed by green 
plants into chemical energy that is released when the resulting 
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feeds and foods are digested hj animals and man or by tbe 
microbes that inhabit the soiL Or it can be released by fire. And 
the beat energy of Sun, acting directly on Earth and its atmos- 
phere, raises the temperature to a point that makes Earth a 
suitable place /or liring things. 

Sun is a mass of hot gases and of elements of tvhich rocks 
are made. It is rushing through space in the general direction 
of the bright star Vega at a rate of about to-eh-e mil^ a second. 
It is a relaUvely small part, but to man a bi^y important part, 
of the universe, v>hich is believed to be a rapidly expanding 
system in space. Sun has a diameter of 866,500 tniles, more 
than one hundred times that of Earth. Around it revolve sine 
planets, celestial bodies bom of Sun but which, presumably, 
have been pulled away hrom it under the disruptive induence 
of other passing stars. Mercury, the smallest of these planets, 
is nearest Sun. Venus, the evening star, is the second pluet out 
&om Sun. And Earth is the third planet in the series. 

Since man lives ca Earth, hehiowa a great deal more abou( 
it than be does about Uie other planets in the solar system. This 
knowledge provides a clue for an understanding of Sun and all 
the planets that revolve around it Earth undoubtedly consisted 
of much the same kind of matter as Sun. But it has cooled down 
during the several billion years of its separate existence and 
now supports a great variety of forms of life on its surface. Yet 
Earth still has a very hot interior. 

Earth rotates on its axis every twenty-four hours, which gives 
us our days and ni^ts. It revolves around Sun along a 600-mil- 
lion-mile orbit once each year at a speed of over ei^leen and 
one-half miles a second. Because of the inclination of Earth’s 
axis from the vertical, the four seasons come into play. The 
diameter of Earth at the Equator is 7,927 miles. 

On bej-ond Earth in the solar system are five other planets. 
Of tbe»e, Jupiter, whidt is 367 million miles farther from Sun 
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than Earth, is the largest. Pluto, the planet farthest removed 
from Sun and most recently discovered, is 3,367 million miles 
away. Sun is extremely large in comparison to all the planets 
and their satellites, constituting 99.8 per cent of the total mass 
of the entire solar system. As would be expected, the planets 
nearest Sim have the highest temperatures and those farthest 
away the lowcsL Tims the temperature on hlercury is hundreds 
of degrees above zero Fahrenheit, and that on Jupiter is of the 
order of 200*F. below zero. TTiat on Pluto is still much colder. 

The heat energy of Sun, radiated out into space, is the pri- 
mary source of the energy that controls the temperature of 
Earth. Present climatic conditions vary directly In relation to 
solar phenomena. Past changes in climate probably did not 
differ materially in kind from tliosc of recent years, but they 
differed greatly in degree. Thus it has been much warmer and 
much colder on Earth than it is today. 

Tlie heat energy from Sun is received directly at the outer 
surface of Earth’s atmosphere at a mean rale of 1.94 calories 
per square centimeter per minute. This is known as the solar 
constant. A calorie is tlie amount of heat required to raise the 
temperature of one gram of water one degree Centigrade at a 
pressure of one atmosphere. A centimeter is 0.3937 inch. A 
gram is 0.0353 ounce. Of every one hundred units of Sun’s heat 
energy that reach Earth’s atmosphere, thirty-iive ore reflected 
back into space by the atmosphere. The remaining sixty-five 
units reach the surface of Earth and serve necessary purposes 
in regulating its temperature, in evaporating ivater from sea 
and land, and in making it possible for plants and animals, in- 
cluding man, to grow and reproduce their kind. 

The solar constant is not really a constant. It fluctuates with- 
in a range of about 2 per cent. Since 1925 a net increase in tem- 
perature of about 03 per cent has been obsened. This means 
that a gradual warming-up of Earth’s atmosphere has been 
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taking place. Temperatures in other periods of Elanb’s history 
have risen and fallen over longer, and possihiy shorter, periods. 

Ihe 2 per cent fluctuation in the solar constant is knoim to 
be related to sunspots. These ate violent eruptions on the sur* 
face of Sun. They co^’er vast areas of iu surface, having diam* 
eters varying between 1,000 and 100,000 miles. The annual 
number of sunspots since 1750, the first year for which records 
are available, has varied between 46 in 1816 and 155 in 1947. 
These variations are c>*clic, the periods beh^een the minimum 
and the maximum numbers averaging about eleven years. This 
means that tbe corresponding climatic cj'cles tend to repeat 
themseh^s every lwent5'-ttto years. 

Good correlation bas been obsened between sunspot num- 
bers and the weather as measured by temperature and piecipl* 
tation. With low sunspot numbers the weather in the bigh'intd* 
die latitudes has been cold and dry and that in the low-middle 
latitudes has been cold and uet Storm tracks bare migrated 
equatorward and glaciers have expanded. With high sun^t 
numbers the ^veaUIer in the high-middle latitudes has been 
warm and dry and that in the low-middle latitudes warm and 
wet. Storm tracks have migrated polaiward and glaciers have 
shrunk. 

A possible relationship has been postulated between High 
numbers and intensities of sunspots and the prevalence of great 
plagues, such as cholera or Black Death. Such plagues usually 
follow famines, attacking people when they are in a highly 
vulnerable, undernourished state. And famines in turn lend 
to follow drouths, whidi are associated with high sunspot ac- 
tivity. Mentally disturbed people are often quite sensitive to 
high intensity of sunspots. It has been suggested that financial 
panics occur most frequently during the wanner and less in- 
vigorating weather that precedes periods of great sunspot ac- 
tivity. Thus man may be influenced by Sun to a much greater 
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degree than is generally realized if one thinks only in tenns of 
heat and cold and day and night. 

Tlie light energy of Sun operates on an entirely different 
basis from that of its heat enei^-. It has special value in con- 
nection rvith the growing of green plants and the carbon-fixing 
processes that take place in them by ^vhich this light energy is 
transformed into chemical energy. And this chemical energy 
can then be transformed into heat energy, as occurs during the 
digestion of feeds and foods hy animals and man and by the 
microbes in the soil. This energy release is most apparent, how- 
ever, when it is accomplished hy the use of fire, as in a ^vood 
grate or a furnace. 

About one-half of San's light energy liiat reaches Earth is 
visible. The otlier half consbis of rays that are longer or shorter 
than tlie visible rays. Tbe longer wave lengths, known as infra- 
red light, have heat effects. The shorter wave lengths, knotm 
as ultraviolet light, constitute only a small part of the total, hut 
tliey have important photographic and chemical effects. For 
example, they are responsible for the production of vitamin 
D in food as well as in the skin of man wben exposed to sunlight. 
The disease known as rickets is due to a deficiency of vitamin 
D. Bone development is abnormal and restricted, the affected 
animals being small and malformed. Bowleggedness in child- 
ren is an example of the deformities tliat occur under condi- 
tions of a limited supply of vitamin D. This is a result of in- 
ability to fully utilize the calcium and phosphorus that are re- 
quired in the building of a firm bony structure when this vita- 
min is lacking. 

Tlje visible ligjit of Sun supplies most of the energy required 
by the chloroplasts of green plants in which an important photo- 
sjulhelic process takes place. This involves the joining of the 
carbon dioxide that is absorbed by the leaves from the atmos- 
phere 'vilh the hydrogen of water Uial is absorbed by die roots. 
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rclU, cacli containing fifty chloroplastj. In eacli of tlicic cliloro- 
plasts there may be one hundred grana. And each grana may 
contain ten million molecules of chlorophyll. Under llic in- 
fluence of visible light tlicsc chlorophyll molecules carr}' on 
their carbon-fixing processes. About 93 per cent of the dry 
weight of plants consists of iheorganic proiluctJ so synthesired. 
The mineral elements ohtaincil from the soil, and constituting 
the other 5 per cent, serxed as catalpcrs of this carbon-fixing 
process. Tlicsc synlhesircd products include not only those al- 
ready mentioned but vitamins, cM)'mcs, alkaloids, organic 
acids, and a great variety of additional organic compounds 
that give particular plants their peculiar odors, flavors, and 
other chnraclcrisllrs, some of wlucli arc readily apparent to 
the consumer and others of which are not. 

Nearlyhalfthetola! dry weighlof plants is carbon. Tlie land 
plants of Earth accumulate carbon In quantities estimated at 
19 billion tons, equivalent to 50 billion tons of sugar, annually. 
The amount of carbon fixed by sea plants Is believed to be seven 
or eight times these quantities. The carlmn fixers of the sea arc 
not so mucli the seaweed as the algae and diatoms, llic “grass of 
tlic sea.” These arc microscopic forms of plant life constituting 
the major part of the plankton inhabiting the sea. TIic plankton 
include the minute forms of botli plants and animals wliicli are 
found mostly in the surface waters. 

Adding all these quanlllies, }l would appear that the total 
annual pliotosyntlietic prwluction of carbon compounds by all 
the various forms of green plant Hfc, Iroih on the land and in the 
sea, is alioul the equivalent of 300 billion tons of sugar a year. 
Tills is believed to l*e over one hundred times tlie weight of all 
the products of all the mining, metallurgical, and chemical in- 
dustries on Eattli. 

A close relationship exists between Uie lengUi of day to which 
plants are exposed and Oieir flowering and fniiting. Titis soon 
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becomes apparent when one attempts to grow plants in latitudes 
far removed from those to which they have long been accus- 
tomed. Some plants do not bloom unless the days are relatively 
long. Others bloom when the days are relatively short. And 
still others hloom no matter what the lengths of night and day. 
Blooming and fruiting are merely indexes of other deep-seated 
phenomena that are governed by light 

The chrysanthemum is a good example of a plant that \sill not 
bloom daring the middle of the summer in a temperate climate, 
delaying this process until the period of daylight has been re- 
duced to thirteen and one-half hours or less in the autumn. All 
that is necessary to induce earlier blooming is to cover the 
plants with black cloth during a part of each day, and this is 
being done on a large scale by commercial growers, notably 
lliose in Florida. 

The farther north a locality in the northern hemisphere, the 
longer the long days and the shorter the short days of the year. 
At ^e border between the United States and Canada the longest 
days are two hours longer and the shortest days are tivo hours 
shorter than the corresponding days along the Gulf Coast. Fur- 
thermore, the dawn and the twilight are much longer in tlie 
northern latitudes. 

In tins light relationship u to he found, at least in part, 
the explanation of the difference in crop yields depending on 
the latitudes in whicli these crops are g^o^Tn. Herein may lie, 
in large part, the explanation of the relatively high percentage 
of sugar in Michigan beets, the relatively high acre pelds of 
Maine potatoes, and the relatively high bushel weights of Scot- 
tish oats, in comparison to the lower yields and weights, re- 
spectively, of these crops when g^o^vTI in areas farther soutli. 

But temperatures are also invoh'ed. The com belt comprises 
the region in which the mean summer temperature is between 
70"F. and 80“F., and the ni^t temperature averages approxi- 


123 



Earths The Stuff of Lije 

malcly 60°?. Tlie period between frosts is more tlian 140 days. 
And the precipitation is between tw«ity-fiv'e and fifty inches, 
seven inches of which should occur during July and August. 
Tlse major portion of the com bell in the United States com- 
prises western O!iio, the whole of Indiana, Illinois, Missouri 
and Iowa, eastern Kansas and Nebraska, southern Wisconsin 
and Minnesota, and South Dakota. Very little com is grown in 
Central Europe, the climate being much more favorable for 
wheat and oats. 

Winter wheat thrives best In those areas where the climate 
is cool and moist during the fall, winter, and spring months 
and then gradually develops into a warm, bright, and some- 
what dry harvest period. It is apparent that a good winter-wheat 
climate is not the same as that described for com. Nevertheless, 
these crops overlap somewhat, since wheal is essentially a win- 
ter- and spring-grown crop, whereas com is a summer crop. 

Oats are also adapted to cool, moist climates but are mucli 
more seriously affected by hi^ temperatures than is wheat. Not 
only are yields much loiver in southern latitudes of the North- 
ern Hemisphere hut the weight per bushel is considerably less. 
Yet this can lie overcome In southern latitudes by sou'ing oats 
in the fall and growing them during the winter months. 

Potatoes grow best in cool, moist climates, somewhat north 
of the com belt in the United States and in the regions of high 
acre yield of wheat and oats in northern Europe. Here again, 
hy planting potatoes in the fall they can be g^o^¥n successfully 
and to higli acre yields in the southern states. 

The sugar beet is anotlier crop that grows best and develops 
its highest sugar content in regions of cool, moist climate. On 
the other hand, sugar cane grows liest and produces the most 
sugar under conditions in which the temperature is uniformly 
high, sunlight is bright, and diowers are frequent. 

Cotton is a highly important warm.climate crop in the United 
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States. The northern limit for cotton growing is approximately 
a mean summer temperature o{ and a frostless season 
of two hundred days. The b«t cotton is produced when the 
weather is warm and moderately moist from April to August 
and when it is dry and cool during the autumn picking period. 
On tlie other hand, cotton can vrithstand periods of drouth and 
still recover and produce satisfactory yields if die season later 
becomes more favorable. 

Rice has high water requirements, being grouTi to best ad> 
vantage under paddy conditions as in southeastern Asia, or un* 
der irrigation as in the southern United States. Temperature 
requirements for rice are at least as a mean during tlie 
crop season. 

Olives and grain sotgbums are hvo examples of droudt-re< 
sistant crops. The olive is sensitive to frost but grows well in 
arid regions, notably in southern Europe and North Africa. 
Large acreages of grain sorghums are grotm in Texas, Okla* 
homa, and Kansas, where temperature conditions are favor- 
able for com but moisture conditions are not. During periods 
of drouth, grain sorghum ceases growng, hut it resumes 
growth when rain comes. 

Of (he fruits, apples and cherries do best in the cooler cli- 
mates to the nortli, peaclies and plums somewhat farther south, 
and grapes and citrus fruits in still warmer climates. Here and 
there these fruits are grown in other latitudes when conditions 
have been altered, as by die presence of large inland bodies of 
water in die Great Lakes region, where grapes are grown. 

By breeding and selecting, all of these crop plants can be 
made to grow outside the normal boundaries in the direction of 
more heal or cold, longer or shorter days, or more or less rain- 
fall. At die same time they may be made more resistant to the 
attacks of diseases and insects, which are adapted to the same 
climatic conditions as the crops on which diey prey. By natural 
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selection lliese pests may later spread into areas that were once 
unfavorable for them. 

A great deal of study is being directed toward unlocking the 
secrets of the chlorophyll molecule. Just how does chlorophyll 
effect the separation of the hydrogen of water from its oxygen, 
llie joining of this hydrogen to the carbon dioxide to produce a 
simple sugar, and the releasing of its oxygen to the atmos- 
phere? Such studies are being carried out by scientists whose 
primarj' interest is in ffnding out the facts without necessary 
reference to any particular use that may be made of them. 

But once the exact mechanism of this process is known, there 
are those who would he greatly interested jn tlie possibility of 
putting this information to work on a factory basis, separate 
and apart from living plants. Some scientists believe it may be 
possible in due time to develop factory procedures for food 
production that can replace the present field economy. They 
visualize putting sugar production on a factory beltdine basis, 
and then using bacteria and yeasts for transforming this sugar 
into fats, proteins, vitamins, and other essential food sub- 
stances in large factories especially designed for these pur- 
poses. This would be revolutionary indeed. But it is not beyond 
the realm of possibility. The economy of such methods of feed 
and food production jn comparison to their production in the 
field is doubtful, at least for the present. 

A considerable amount of study has been applied to the pro- 
duction of algae, notably the genus known as Chlorella. These 
are being grown in an experimental way in large shallow tanks 
of water containing the necessary mineral nutrients and suit- 
able supplies of soluble nitrogen fertilizers. The resulting prod- 
uct, when dried, has a pleasant odor and a protein content ap- 
proaching that of beans or peas. Here again, use is being made 
of the green chlorophyll and its capacity to join tlie carbon 
dioxide of the atmosphere with the hydrogen of water. 
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The carbon-hsing process in photosynthesis has great value 
over and above that represented by the feeds and foods thus 
produced. It serves to purify the air for animaU and man. The 
effect is not only to remove excess carbon dioxide from the air 
but to release oxygen to it- Otherwise, the carbon dioxide given 
off in the digestion of feeds and foods by animals and man, in 
the decay of soil organicmatter, in the comhnstion of fuels, and 
in the burning of limestone would accumulate in toxic concen- 
tzations. Green plants, therefore, serve as agents for regulating 
the composition of the atmosphere within the limits soited not 
only to themselves hut to all the other living things on Earth. 

Only a small fraction of the light energy of Sun that falls on 
the leaves of plants is utilized in photosynthesis. Much of it is 
reflected back into the atmosphere, transmitted through the 
leaves, used in transpiration of water during its movement 
through plants, or radiated as beat. 

A considerable amount of work bas been done toward mak* 
ing better use of the sunshine that falls on buildings or in waste 
places, such as the vast deserts of Earth. By proper location of 
buildings with reference to the angle of incidence of Son’s rays 
and by use of wide expanses of glass, enough heal can be ac- 
cumulated in temperate climates to develop adequate supplies 
of hot water or even to heat homes. Sun’s rays are also being 
concentrated by mirrors for use in cooking in areas deficient 
in stored fuels. 

Tremendous quantities of Son’s energy of past ages have 
be«i stored in the <»al, petroleora, and natural gas resources 
of Earth. For the most part tfie carboo fixed in all these fuels 
is believed to have had its origin in llie atmosphere and to have 
been accumulated by the agenqr of the dilorophyll of green 
plants. The dav-by-day release of energy from Son is not ade- 
quate to control the temperatuie of the atmosphere at livable 
levels during the winter months of the year. Consequently, sup- 
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plemenfal heat is being derii^ from the combustion oi these 
fossil fuels. From lime to lime there arises the question of how 
long it will be until the knosTO reserves of these fuel resources 
have been exliausted. So far, the rate of discovery of new de- 
posits has been more rapid than the rale of exhaustion of the 
old deposits. 

Tliere ate, of course, other possible sources of energy, in- 
cluding those of the ivinds, the tides, and falling water. All of 
these can be harnessed for the production of electric energy 
to replace the energy of natural fuels. Then there are the pos- 
sibilities of developing much larger amounts of usable energy 
tlirough nuclear fission and fusion. A great deal of work is 
being done toward the harnessing of the nuclear energy pro- 
duced by fissionable materials. But the greatest hope lies in 
nuclear fusion, the fuel for which is availahle in great abun- 
dance in the water of the sea. 

Given time, there is every reason to believe that tbe neces- 
sary techniques for nuclear fusion trill be developed end that 
inexhaustible supplies of energy can he placed at the disposal 
of all the peoples of Earth. The primary problem then will he 
one of relative costs per unit of energy tliat is made available 
for use. The competition is between the chemical energy stored 
in plants and their products, both presently and in the past; 
that available from harnessing the wasted sunshine of the 
desert; that which can be developed from falling water, winds, 
and waves; and the nuclear energy that can be produced. 

Except for Mars, there is little reason to believe that any 
of the planets of the solar system other tlian Earth will support 
a great amount of vegetation. Some people are of llie opinion 
that Moon, a satellite revolving around Earth just as Earth re- 
volves around Sun, has some e0ect on Earth’s vegeta tion. Many 
fanners are of the opinion that crops should he planted in a 
certain phase of Moon. Others are equally certain that tliis is 
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merely an old superslition lliat persists in spile of tbe lack of 
exact evidence to support iu 

Sloon has a diameter of 2,100 miles and it revolves in its or- 
bit at an average distance of 240,000 miles from Earth. The 
temperature of Jloon varies hehveen 215“F. in the light and 
minus 250“F. in the darkness. It is not a direct source of light, 
but it does sen'C as a reflector for the light of Sun. Horrever, the 
quantity of Sun’s light that is reflected back to Earth by Moon 
is not believed to be sufficient to affect plants, even in relation 
to the len^-of-day factor. Ibere is no evidence of life on 
Moon. But Moon is largely responsible for the tides that come 
and go as it revolves around Earth. And possibly Moon may 
hare some corresponding influence on die vegetation of Earth 
as V'ell. 
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There rolls the deep where grew the tree. 

0 Earth what changes hast thou seen! 

There where the long street roars, hath been 
The stillness of the central sea. 

The kills are shadows, and they flow 
From form to form and nothing stands; 

They melt like mists, the solid lands. 

Like clouds they shape tkemsehes and go. 

— TEHNYSON 


Chapter Nine 

SALTS OF ANCIENT SEAS 



THE vast seas that cover nearly three-quarters of the surface 
of Earth are of great interest to man and serve liim in many 
useful ways. But the seas here under consideration are the ones 
Tennyson had in mind when he wrote: “There where tlte long 
street roars, hath iTcen the stillness of the central sea." Such 
seas no longer e^tist as seas. All that remains of them are the 
salt deposits that were left behind after the water in which the 
salts had been dissolved had all evaporated. This occurred so 
long ago that the salt d^osits are now buried under great 
depths of rock, soil, and drift and they are often dilEcuIt to 
locate. But many of them have been found at various places 
over the earth, often several thousand feet beneath tlie present 
land surface. 
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What are ibese salts? By far the most abundant one is lime- 
stone, a rock out of which many beautiful buildings have been 
built. Ordinarily, one does not think of limestone as a salt, but 
it is. A salt is a combination of an alkaline substance with an 
acid. In limestone the alkali was lime, a combination of calcium 
and o^^gen. The acid Tras carbonic, which is carbon dioxide 
gas dissolved in irater. When these tiro substances joined, cal- 
cium carbonate, a salt, was produced, vnth water as a by-prod- 
uct. And when tliis calcium carbonate settled out of the sea 
water, fell to the bottom of the sea, and solidified, it became 
limestone. 

The greater part ofwhat is now dry land has had a long and 
varied history at the bottom of the sea, abundant evidence of 
which has been unoorered in boring for water, gas, and petro- 
leum. But more specific infonnation on this point has been ob- 
tained by simpler means. Thus the needed evidence is quite 
apparent in the rocks that are exposed along the sides of deep 
canyons through which rivers have carved their courses. It is 
found in abundance in locations where deep excavations have 
been made by man while building highways, railroads, tun- 
nels, and tall buildings. And much additional evidence is at 
hand where quarrying and mining operations ore underway. 

About 75 per cent of the land area of Earth is underlain with 
limestone, sandstone, and shale — sedimentary rocks that were 
formed b}‘ solidification of deposits laid down on the bottoms 
of ancient seas. Subsequently they were shoved up above sea 
level to become dry land. But of these three classes of rocks, 
only limestone is a salt The sandstone and shale are made up 
of fragments of rocla and of the clay derived from their dis- 
integration; they were never a part of the salts that were dis- 
solved in the sea water. limestone, on the other hand, is a high- 
ly important salt in tbe mineral economy of Earth. Its calcium 
is a necessarj* constituent of die cell walls of plants, whicli 
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could not develop in stable form without it. The bones of ani- 
mals and of man are made up almost entirely of calcium that 
has been joined to phosphoric acid to form anotlier salt — cal- 
cium phosphate. 

All the calcium on Earth, whether in limestone or in any 
other form, came entirely from igneous rocks tliat originally 
covered tlie face of the earth when it cooled down to become 
a solid crust. The calcium and the other mineral elements found 
in sea crater were dissolved out of these original rocks by the 
rain water, leaving a residue of insoluble clay. The 'rater that 
dissolved them found its way down the rivers and out to sea. 
Meanwhile the calcium bad been joined to the carbonic acid 
of the atmosphere to form calcium carbonate. Such large 
amouts of this salt eventually accumulated in the sea that the 
water became saturated with It, causing it to separate out and 
drop to the bottom. 

Fart of the calcium carbonate in the tea 'rater was used by 
the shell-forming animals of the sea, the most notable being 
coral. This coral gre'v abundantly, leaving its shell deposits 
behind to be added to the other calcium carbonate deposits. 
When these deposits had soHdiiied to become limestone and 
had been shoved up out of the sea by gigantic subterranean 
forces, they existed largely in deep horizontal layers, or strata. 
And these strata are frequently exposed naturally and by ex- 
cavations, where they can be studied in detail. 

Most limestone contains some magnesium carbonate, an. 
other salt. The magnesium was also dissolved out of the origi- 
nal igneous rock. In combination with oxygen, it is known as 
magnesia. And this 'vas also joined to carbonic acid, with wa- 
ter as a by-product. If the percentage of magnesium carbonate 
in limestone is quite large, the stone is known as dolomite. 
Dolomitic limestone dissolves inw'ater much more slowly than 
calcitic limestone. 
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The most far-reaching submergence of the North American 
continent was during the Cretaceous period, about 100 million 
years ago. During tliat period the sea invaded the coalinenl 
nortliward from what is now the Gulf of Mexico, gradually 
spreading out over the interior of die United States and ex- 
tending as far north as Hudson Bay. It expanded east and west 
over an area more than one tltousand miles in width. And dur- 
ing that period tremendous deposits of calcium and magnesium 
carbonates were laid down and consolidated into limestone on 
the floor of this vast inland sea. 

During that same period, covering some 75 million years, 
the sea also invaded large areas of South America, Europe, 
North Africa, and Asia. And in these countries also large de- 
posits of calcium and magnesium carbonates cvere deposited 
and solidified into limestone that was later pushed up above 
the sea to become dry land. 

When one examines the strata of limestone tliat are exposed 
from place to place he often finds other strata of sandstone and 
shale alternating %rith those of limestone. Sometimes the layers 
of limestone rrill be repeated several times, often to great 
depth in each case with sandstone and shale in bet^reen. Hiis 
means merely that the bottom of the sea was rising and sinking 
during that period of deposition, the limestone helnglaid do^m 
rvhen the sea was the deepest and the sandstone rrhen it was 
shallowest 

If nothing happened 6ubse<iuently to interfere with the posi- 
tion of these layers of sedimentary rocks except for their 
gradually being elevated above the level of the sea, they will 
be found lying in a nearly borirontal plane. But if some great 
subterranean disturbance occurred, such as happens when 
moantaln ranges are shoved op above the surrounding areas, 
these layers of stone may be at a steep angle from the horizon- 
tal. At some points they may be nearly vertical. 


133 



Earth : The Stag of Life 

Where limestone constituted the surface layer of such an ex* 
posed deposit of rocks when they emerged from the sea, it dis- 
integrated quite rapidly to form soil. Its calcium and magne- 
sium were again dissolved by the rain and carried out to sea. 
Thus it appears quite probable that a given molecule of calcium 
or magnesium carbonate may have been in the sea, out on the 
dry land, and back again in the sea lime after time during (he 
long history of Earth. 

Although limestone appears to be insoluble in water, it grad- 
ually dissolves in it. Given adequate time, of which there was 
no lack, the limestone gradually disappeared from the face of 
Eartli, leaving only its impurities behind in the form of soil. 
These impurities were almost entirely sand and clay, with some 
associated organic matter. 

If the limestone was nearly pure calcium and magnesium 
carbonate, a deptli of as much as forty feet of it may have been 
required to yield one foot of soil, the other thirty-nine feet of 
material having been dissolved and carried away. A deep de- 
posit of limestone was required to leave three or four feet of soil 
behind. What is often termed a “limestone soil” may contain 
only mere traces of limestone. And even these traces will dis- 
appear in time if the land is put under cultivation. 

But if a deposit of limestone still remains beneath tlie soil, 
this serves a useful purpose to any plants growing on the land. 
The vertical and horizontal cracks that are common in lime- 
stone provide excellent drainage so that excess water does not 
accumulate. Consequently, plant roots can grow down deeply 
through not only the entire depth of soil but on doivn into the 
underlying limestone as well. It is for this reason that limestone 
soils are of such importance for growing alfalfa in humid re- 
gions. Alfalfa is a lime-loving legume that sends its roots down 
deeper into die limestone each successive year of groivth. 

The importance of limestone lies not only in the productivity 
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of the soil thal is developed irom it but in its value for over- 
coming acid-soil conditions that tend to develop in areas sub- 
ject to heavy rainfall — ^a particularly troublesome problem in 
the bigh-rainfall regions of the eastern United States and in 
central and northern Europe. 

Virtually all the land east of the Mississippi River is covered 
ivilli soil that needs liming from lime to time to orercome the 
acidity that tends to develop in it. Some crops, including most 
legumes and vegetables, are very sensitive to acid-soil condi- 
tions. The agriculture of the soutbem states, however, is essen- 
tially an acid-soil system. Many of the crops that are being 
grown, including cotton, peanuts, lespedeza, and t^alennelons, 
do not respond markedly to liming the soil on wbidi they grow. 

Yet, by and large, all acid soils, including those of the south- 
ern stales, require liming from time to tine if fanned inten* 
aively for high acre yields. This is especially true if liberal use 
is being made of nitrogen fertilizers, one unfortunate result of 
which is the release of nitric acid, the end-product of the activi- 
ties of the rutrifying bacteria that act on these fertilizers. Un* 
less the soil contains lime, this process, known as nitrification, 
is slowed down by the accumulated nitric acid to the disadvan- 
tage of the crop. Where lime is present, the end-product is neu- 
tral nitrate of lime, which is highly effective In increasing tlie 
growth rate of plants. 

In preparing limestone rock for use on the land as an acid- 
soil corrective, it roust either he pulverized or burned to a fine 
powder. Most of the limestone used by fanners is pulverized, 
often to such fineness that tlie particles will pass through a one- 
hnndred-mesh screen. Such a screen has ten thousand openings 
per square inch. When a limestone product of this fineness is 
applied to the land and ihorou^ly muted with the soil it reacts 
quickly to neutralize any acid that may be present in the soil. 

This neutralization process is one in which the calcium of 
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the limestone replaces tlie add hydrogen that is attached to the 
particles of acid soils. As a result, vrater is produced and the 
carbon dioxide of the limestone is released back into tlie atmos- 
phere from which it originally came. This evolution of carbon 
dioxide gas is seldom observed in tlie soil but it can readily be 
seen if one pours a few drops of hydrochloric acid on a piece of 
limestone. In fact, this is an easy method of distinguishing lime- 
stone from other kinds of rock closely resembling it. 

Sales of agricultural liming materials in die United Slates 
are nearly 20 million tons a year, most of which are pulverized 
limestone. But some of the limestone is burned and the result- 
ing product is hydrated by the addition of a small amount of 
water to form a finely divided product tliat is quickly effective 
when applied to the soil. The rate of application of liming ma- 
terials is usually from one to two tons an acre. A little calcula- 
tion soon reveals that much larger tonnages of agricultural 
limestone than are now being used could undoubtedly he ap- 
plied to advantage to the farmed and grazed land in the eastern 
half of the United States. 

Great masses of limestone rock, many times weighing tons, 
are often found lying out in the fields in areas where the soil 
was derived from limestone. This applies even in regions where 
one would think the stone would have been dissolved and car- 
ried away. Just how these boulders escaped the dissolving ac- 
tion of the rain water is not clear, but they were probably pro- 
tected by a cover of some otlier less soluble kind of sedimentary 
rock, such as sandstone or shale. 

In any event, these limestone boulders are likely to remain 
where they are for a long lime, as measured by (he life of man, 
continuing to be a great nuisance to farming the land. The pres- 
ent sloivness of solution of these rocks is due largely to their 
lying on top the soil rather than being buried in it. Tlieyerpose 
only a relatively limited surface area to the solvent action of 
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die rain, whereas they would soon disappear if pulverized and 
mixed with U\e soil. 

Potholes ate characteristic of land lliat is underlain with 
deep deposits of limestone. Tliese d«'elop as a result of larger* 
than-usua] openings in ilje underlying limestone through which 
more than the normal amount of iraler percolate. Tims the 
dissolving rate of die limestone is speeded up at these locations. 
Occasionally, the thin surface layer of soil and rock that re- 
mains over the top of such an underground opening will give 
way during a period of heavy rainfall, leaving a deep hole in 
the field. Tlie immediate cause for this may be the passage of a 
heavy animal or a tractor over the spot. Farm buildings have 
been known to fall into sudt boles, and the wafer of long-estab- 
lished lakes and ponds has occasionally disappeared overnight 
into such underground openings. 

The Mammoth Cave of Kentu^, Nvbich covers an area 
about ten miles in diameter and has over 15D miles of subter- 
ranean passageways, is an excellent example of die type cavern 
that can be carved out of limestone by the fio^v of water over 
long periods of time. Water, dripping slowly from the ceiling 
of the cavern and evaporating, has deposited its load of dis- 
solved lime to form stalactites that have grow down^vard 
from the ceiling or stalagmites that have grown upward from 
the floor. 

The Carlsbad Caverns of New Mexico provide another in- 
teresting example. They have three levels at depths of 750, 900, 
and 1,300 feet below tlie surface, providing homes for millions 
of bats. Huge deposits of the dead bodies and excreta of these 
flyingmamals ate found in these caverns and many other simi- 
lar ones located in that part of the United Slates and down 
into Mexico. Large tonnages of this material are processed for 
use as fertilizer, being sold under the name of guano. 

Phosphate rock is another sea-derived deposit of importance 
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equal to or greater tian tliat of limestone. In this case lie cal- 
cium is joined to phospliorie rather than carbonic acid. Phos- 
phate rock is the most important source of phosphorus, an ele- 
ment required by all living things and in especially large quan- 
tities by animals and man. 

Many soils, and the vegetation growing on tliem, have a low 
content of phosphorus. And much phosphorus is lost from the 
land by the sale of grain, milk, and livestock in which this ele- 
ment tends to concentrate. In overcoming deficiencies of phos- 
phorus, whether natural or induced, use was once largely made 
of pulverized bones, the only known source of the element of 
any importance at that time. Some idea of the esteem in which 
bones were once held as a soil amendment can be obtained from 
a statement made by Justus von Liebig, the world-famous Ger- 
man chemist of the 1840's. He said: “England is robbing all 
other countries of the condition of their fertility. Already in 
her eagerness for bones she has turned up the battlefields of 
Leipsic, of Waterloo, and of the Crimea ; already from the Cat- 
acombs of Sicily sbe has carried away the skeletons of many- 
successive generations. Annually she removes from the shores 
of other countries to her own use the manurial equivalent of 
three millions and a half of men whom she takes from us the 
means of supporting and squanders do'vn her sewers to the sea. 
Like a vampire, she hangs upon the neck of Europe — nay of tlie 
entire world — and sucks the heartblood of nations without a 
ibougbl of justice toward them, witfiout a shadow of lasting ad- 
vantage to herself.” 

Liebig’s statement was made long before the discovery in 
1881 of the large deposits of phosphate rock in Florida. Sub- 
sequently, other deposits were found in South Carolina, Ten- 
nessee, and Arkansas. And, still later, much larger deposits 
were located in Montana, Idaho, Utah, and Nevada. The total 
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workable deposits o£ pbosphate rock in tbe United States are 
estimated at some 14 billion tons. 

Phospbafe rock is quite strutlar in composition to the bones 
of animals. Consequently, when these discoveries were made it 
soon became apparent that the need for collecting bones no 
longer existed. As long as diey were available as packing bouse 
by-products they were used for fertilizer purposes. Bat the de- 
mand for phosphates was much greater than conH be met by 
the use of bones. Soon, most ofthe phosphate needs of the world 
were being met from these phosphate rock deposits. 

Eventually, other large deposits of phosphate rock were 
found in Morocco, and still others in Tunisia, Algeria, Russia, 
and certain islands of the sea. The knovm deposits of phosphate 
rock the world over are estimated at 45 hiUion tons, which 
should be suQicient to meet all the needs of man for several 
thousand years. But these tonnages are small indeed In com* 
parisoQ with those of limestone. And many countries have no 
deposits of phosphate rock of any important significance. 

It is generally believed that the phosphorus in phosphate rock 
was derived from calcium phosphate accumulations in the skel- 
etons of sea animals over many millions of years. The deposits 
thus developed were associated with (hose of limestone, and in 
the same locations. Wlien the joint deposits of calcium phos- 
phate and calcium carbonate were eventually elevated above 
the level of the sea, a phosphate-concentrating process set in. 
As the more soluble calcium carbonate ^vas dissolved and car- 
ried away by the dtainagewatcr8,Uiecalclura phosphate, being 
virtually insoluble in water, remained behind to form the now 
nearly pure deposits of phosphate rock. 

Phospliate rock, like limestone, can be pulverized and ap- 
plied to soils in need of it to great advantage. But since it is 
mucli less soluble than limestone, it must be much more finely 
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pulverized if it is to serve a very useful purpose. Tins is merely 
a means of exposing raucli more surface to the solvent action 
of soil water and plant roots. Much of the phosphate rock tlial 
is now being sold for use on die land is made to pass a three* 
hundred-mesh screen having ninety thousand openings per 
square inch. This is being done on a large scale, tlie pulverized 
product being sold under the name of “rock phosphate." 

But a much larger part of tlic phosphate rock that is being 
used for fertilizer purposes is made more soluble in water by 
treatment with sulfuric acid. The resulting superphosphate 
is a popular fertilizer material. The phosphate part of the su- 
perphosphate will dissolve readily in water, leaving a relatively 
insoluble residue of calcium sulfate, another salt, behind. 

Limestone and phosphate rock are the best*known examples 
of substances that were dissolved in the sea water, used by the 
cniinal life of the sea, and finally left behind as deposits on the 
bottom of the sea. But the residue that remains where sea water 
is evaporated to dryness, as when an arm of the sea is cut oil 
from main body of water, is quite different from limestone 
and phosphate rock. This residue is made up mostly of sodium 
chloride, known as common salt. But it also contains a variety 
of otlier salts, consisting mostly of chlorides and sulfates of 
calcium, magnesium, and potassium. 

Fortunately for man, great arms of the sea were isolated 
from it by barriers of rock that were shoved up around tliem. 
The sea water behind these natural dams began to lose its water 
by evaporation at a more rapid rate than it was renewed by 
rain. Witli increasing concentration of these salts, even though 
tliey were more readily soluble than calcium carbonate or cal- 
cium phosphate, tlicy reached a point of saturation and began 
separating out of solution and falling to the bottom. 

Tliese happenings were frequently long-drawn-out. Tides 
and winds poured more sea water into these isolated seas over 
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millions of years. When in due time, tliese inland seas were 
completely sm’ered from the main body of water and all the 
ivaler in them had evaporated, only the dry salts remained. 
Tliese salt-covered inland sea bottoms were subsequently fiUed 
in ivilh sand and soil from surrounding areas so tliat the whole 
area was brought up to thelevel of the land round about 

In separating from the sea water as it became ever more con- 
centrated by evaporation, the several salts tended to be deposit- 
ed at different times. Consequently, they exist in separate lay- 
ers of various thicknesses. Tlius in mining operations it is pos- 
sible to go doivn to the level of the particular salt desired and 
bring it to the surface in virtually pure form. 

For many years the largest deposit of sucit stratified sea 
salts then ^oirn ivas located at Stassfurl, Germany. Going 
doivnu’atd from the surface, a layer of soil and drift of about 
25 feet ivas first encounter^. Next were considerable depths 
of shales, sandstones, and uncousolidated clays. Below this 
was a relatively shallow layer of common salt, a deposit of 75 
to 250 feet of calcium sulfate, and then a layer of salt-clay 
having a thickness of 30 to 50 feet. Under the salt-clay was a 
layer of beautifully colored camallite, a highly important 
source of polassixun for fertilizer purposes, with a thickness 
of from 50 to 300 feet. Finally, there were successive layers of 
magnesium sulfate, another potassium salt called polyhalite, 
common salt, and calcium sulfate, extending downward an 
additional 300 to 3,000 feel. 

The original exploitation of these Blassfuit salt deposits 
grew out of some new concepts developed by Justus von Liebig 
in a series of lectures presraled in London in 3840 before the 
British Association for the Advancement of Science. In these 
lectures Liebig outlined what has since become known as the 
“mineral theory” of plant nntritiwi. This theory was that plants 
require only inorganic materials for tlie construction of tlie 
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organic matter of which they are made. In other words, plants 
need carbon dioxide of the air and nitrate, mineral elements, 
and water from the soil to grow to full size and fruitfulness. 

Before Liebig’s time, the food of plants was believed to be 
soil organic matter. But Liebig pointed out that plants had to 
exist before there was any organic matter. And he showed that 
before soil organic matter could be used by plants it bad first 
to be broken down into the original air, tvater, and mineral 
constituents by the soil microbes. Allhougb Liebig’s concepts 
were essentially correct, it is now kno^m that small quantities 
of already synthesized organic substances may be absorbed by 
plant roots from the soil organic matter, sometimes to very 
good effect. 

The ashes of plants provide the clue to the kinds and quanti' 
ties of mineral elements required from the soil. When these 
were examined, it was found that plants required more than a 
dozen such elements. And all of these elements were found 
to he present in the salt deposits that were left behind when sea 
water was evaporated to dryness. Of these salts, tliose of potas* 
siurn were shown to be of peaiest importance as supplements 
to pulverized limestone and acidulated phosphate rock. 

It was on this basis that the salts of tlie Stassfurt mines were 
first exploited and the fertilizer industry got under way. Up to 
the beginning of World War I, virtually every country on 
Earth was dependent on these mines for their supplies of potas- 
sium salts, the best known being potassium chloride, a deriva- 
tive of camallite and commonly known to the trade as muriate 
of potash. But ^vhcn ocean-going vessels behveen Germany and 
therest of the world were blockaded during that war, it became 
necessary to search for potassium salt deposits in other places. 

It was believed that potassium aalts would be found farther 
dovm in Eartli below the deposits of common salt lliat were 
then being worked in New York, Michigan, Kansas, and Louisi- 
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ana. But this did not prove to be true- In some manner these 
common salt deposits had been separated from the other sea 
salts tvith which they had been originally associated. 

Quite large deposits of potassium and other salts similar to 
those olStassfurt were eventually located near Carlsbad, New 
Mexico, and these have since been worked on an ever increas- 
ing scale. More recently large deposits of potassium-bearing 
sea salts, much larger than those at Stassfuit, have been dis- 
covered less than a mile below the surface in the province of 
Saskatchewan, Canada. Other important potassium salt de- 
posits have been found near Mulhouse, France and Barcelona, 
Spain and in the vicinity of the Caspian Sea. The extremely 
salty iraters of the Dead Sea and those of Searles Lake, Cali- 
fontia are also being worked for potassium salts. 

The salt deposits in Searles lid:e are quite similar to those 
found on the surface of the alkaline and saline soils of the arid 
regions of the United States and elsewhere. These salts include 
not only the calcium and magnesium ca^nates of which lime- 
stones are made but a considerable variety of other more solu- 
ble and, therefore, more troublesome salts, sudi as are found 
dissolved in sea ■water — troublesome not only because of their 
excessive amounts and high degree of solubility but because of 
their alkalinity as well. 

Plants grow best in soils that are near the neutral point, 
neither acid nor alkaline. Overcoming the alkalinity and high 
concentrations of soluble salts in arid regions is a mud) more 
diiEcult problem than that of overcoming the acidity and Jack 
of available mineral nutrients in regions of heavy rainfall. 
About the only means of gelling rid of the excess salts that cause 
trouhle in irrigated arid areas is that of using extra irrigation 
water to dissolve them out of the soil and carry them away. But 
the scarcity of water for irrigaiicoi in these regions prevents the 
use of as much water for this ptopose as would be desirable. 
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Soluble salts have a tendency to rise to the surface in irri- 
gated arid areas and to form a white incrustation on top the 
soil. In some places farmers have resorted to use of large mold- 
board plows by ^vhich these surface deposits can be buried to 
a depth of four or five feel, temporarily removing them from 
the root zones of plants. But eventually they find their way 
back to the surface. In other places large tonnages of gypsum 
are applied to alkaline soils for corrective purposes, tending 
to lower the solubility of some of the excess salts and to reduce 
the alkalinity. 

The agricultural limestone and fertilizer industries are en- 
gaged almost entirely in quarrying, mining, and processing 
sea salts from land deposits and in developing soluble nitrogen 
salts from the nitrogen gas of the atmosphere. All of these are 
applied to the soil for replacement purposes, particularly in 
the high-rainfall areas of the earth. Some 43 million tons of 
limestone and fertilizer are now being applied annually to the 
farmlands of the United States, and irorld consumption is about 
ten times that amount. 

The agricultural limestone industry has for its primary pur- 
pose thepulrerization and sale of enough limestone to neutral- 
ize the acids in the soils of the high-rainfall regions. But in so 
doing it also supplies calcium and magnesium, two essential 
mineral nutrients for plants. The fertilizer industry is designed 
ptimarly for supplying the extra nitrogen, phosphorus, and 
potassium required to replace the quantities of these elements 
lost from the soil in drainage wafers and hy crop removal, 
as well as required to meet the needs for higher acre yields of 
crops. But many fertilizers also contain important amounts of 
sulfur, another essential mineral nutrient. 

A considerable number of other mineral nutrients are re- 
quired only in traces by plants and by the animals that feed 
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on djem. Consequendj*, a great deal of study bas gone into Uie 
problem of finding out how iai^e are the quantities of these 
trace elements required and the eslent to which soils are able 
to supply diem. Salts of many of these elements, including those 
of manganese, zinc, copper, iron, boron, and molybdenum, are 
now being added to the ordinary fertilizers or applied separate- 
ly in many parts of die earth. And cobalt, iodine and fluorine, 
trace elements needed by animals but not by plants, are fre- 
quently supplied also by way of the soil and its crop. 

One of the important reasons why animal manures, com- 
posts, guanos, and packing bouse wastes have long been such 
popular fertilizers is diat they, being the refuse of plants and 
animals, contain aU the elements plants and animals require. 
Bui the quantities of these organic fertilizers are insufBcient 
to meet the ever growing needs of agriculture. As a result, laig- 
er tonnages of sea salts are being used as supplements. By the 
joint use of organic fertilizers and sea salts an abundance of 
zuineral-iich foodstulTs can be assured. 

Sea water itself could very well be used as a source of all die 
mineral nutrients required by plants. From lime lo time the 
sea overflows farm lands some distance removed from its 
shores, the first result being ibe injury or death of most of the 
vegetation because of excessive concentration of salts in die 
water. But after the rains have washed out the excess salts, par- 
ticularly the sodium chloride, the land again becomes produc- 
tive, often much more productive than it was originally. Some 
of die richest soil on Earth is that covering the land that has 
been reclaimed from the sea in Holland. 

When the time arrives that large quantities of ivaler are be- 
ing taken from the sea for purification for industrial, agricul- 
tural, and domestic purposes, die large quantities of salts sepa- 
rated from this water may find considerable use as supplements 
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to the standard liming and fertilizing materials. The large 
tonnages of similar salts that have been piled up on the desert 
as by-products in the purification of Chilean nitrate are under 
study from this point of view. 
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A common thing is a grass blade small 
Crushed by the feet that pass. 

But all the dwarfs and giants tall 
^Forking 'tU doomsday shadows Jail 
Can’t make o blade of grass. 

— jDurs ccnc* 


Chapter Ten 
A BLADE OF GRASS 



SOIL, air, rain, and Sun supply all the essentials for the gro^^- 
ing of a blade of grass. But they do not e^rplaia tlie grass. For 
they are inanimate things, wheicas grass is a living, grooving, 
reproducing entity. It began with a tiny seed in which was en- 
closed a spark of life. And from this biusble beginning tbe 
grass got its start, grew, and flourished. If it was an annual 
grass it developed seed and dropped them back on the land 
before it died, but if it was a perennial type it may have spread 
in all directions from thetnainplant without benefit of seed. 

Wlierever one goes, gra« was fliere before him. Grass car- 
pets vast areas of the earth’s surface. And whenever land is 
laid bare by the hand of man, grass is standing by, ready to 
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spring into action, spread over the area, and erase the scars. 
“Grass is the forgiveness of Nature — ^lier constant benedic- 
tion,”wrote John J. Ingalls. “Fields trampled with battle, satu* 
rated with blood, tom ^vith rute of cannon grow green again 
with grass, and carnage is iorgotten. Forests decay, harvests 
perish, flowers vanish, but grass is immortal.” 

Grass is an outgrowth of a long evolutionary process that 
began '^vith a mere microbe more than one billion years ago. It 
has within itself not only a spark of life but a set of genes that 
enable it to grow and reproduce itself. It is the seat of an evolu* 
tionary process by which it came into being and through Avhidi 
it has continued to develop ever since. Accordingly, there are a 
great many species of grass ar ising from llie need to be able to 
survive under the many different environments of Earth, with 
particular reference to their soils and climates. 

The green in grass is due to many millions of molecules of 
chlorophyll that ate present in every square inch of leaf area. 
Tliis cMorophyll has the peculiar capacity of being able to ah* 
sorb the transient light energy of the sun and to transform it 
into stored chemical energy in the form of the organic sub- 
stances produced by the plant out of soil, air, and water. This 
stored chemical energy in green plants can be rapidly released 
if the grass is dried and burned. It is more slowly released if 
ibe grass is consumed as feed. And it is released still more slow- 
ly if the grass or its waste products are ^vo^ked into the soil and 
are decomposed by its microbial population. 

To many people, grass means mostly tlie green swards of 
lawns, roadsides, parks, and golf courses. To others it means 
the millions of acres of grazing lands that support the livestock 
— mainly sheep and cattle— of E^rth. To many others it means 
the beautiful meadows that are harvested for bay or silage to 
carry livestock through the winter months. And to still others 
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grass means all the forage crops, including both the true grasses 
and the legumes, for whatever purpose they may be gro\m. 

But the grass family includes many more species than these. 
All the important small grains, including wheat, oats, 
barley, rye, and millet, are members of the grass family. Rice, 
the staff of life to the peoples of the Orient, is another extremely 
important grass, which bids fair to become even more im- 
portant with lime. And sugar cane, the world’s most important 
sucrose-producing crop, is a grass. 

Maize, or lodian com, wbi<b first came to world attention 
trilh its discovery in the Americas, its home grounds, is also a 
grass. The word “com” has come to mean the principal grain 
crop of 5 countr)-; in England ft is trheat; in Scotland, oafs; 
and in Asia, rice. In die United States, maize, the principal 
grain crop oE the Indians, came to be a highly prized crop by 
the white man. In due time it became such an important part 
of the agricultural economy of the Nevsr World that it won the 
title of “com.” 

“In Iowa where the tall com grows, in Ohio and Illinois, in 
Indians, Kansas, and Nebraska, in Minnesota and Dakota, in 
Georgia where more acres grow com than grow cotton, in Maine 
and Califomta, in Michigan, Kentucky, Tennessee, Alabama, 
and Louisiana — in every slate in the Union,” wote Howard 
Zahnizer, “the fanners of America plant com to rise into the 
rank and file of the greatest crop that man has yet mobilized.” 

A great deal is known about the evolution of the com plant, 
beginning with the liny cobs dial were turned up in excavating 
the accumulations of trash in a once-inhabited Indian rock 
shelter in New Mexico. By using the now widely employed 
radiocarbon dating process, these cobs, which bad a length 
of only about one-half inch, were found to be about 5,600 years 
old. Tlie earn of com one now sees by the millions in the fields 
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of this crop over the United Slates are often more than one foot 
in length. The evolutionary selection and breeding processes 
that have operated since these early days have developed a 
truly amazing crop that is capable of yielding over three-hun- 
dred bushels of shelled grain, each weighing fifty-six poimds, 
per acre. 

Grass has been selected to represent not only its own highly 
diverse family of plants but all the other green plants that play 
such important parts in the welfare of man. These many differ- 
ent kinds of green plants have become so efficient in syntbesiz- 
ing organic products out of purely inoi^anic materials that they 
have long since displaced virtually all the original nonchloro- 
phyll microbes in ibis capacity. This means that green plants 
now provide not only the feed and food required by animals 
and man but the nourishment needed by the countless millions 
of microbes that inhabit every handful of good soil the world 
over. These green plants synthesize their own substance, year 
after year, using the same raw materials over and over again 
in tlie process. This is an excellent example of the economy of 
nature, which has much more importance to man than most 
people realize. 

In their younger stages of growth, green plants are made up 
mostly of loosely bound water that can readily be driven off 
into the air when the plants are dried under a clear sky or in an 
oven. But their content of this essentially free water is gradual- 
ly reduced as maturity approaches, when they consist mostly 
of starch, cellulose, oil, and protein, all highly concentrated 
forms of chemical energy. And lai^e quantities of plant-stored 
energy from a far distant past are found preserved in such 
natural fuels as coal, petroleum, and natural gas. 

The exact method by whidi light energy is transformed into 
chemical energy is something a great many scientists would 
like to be able to explain. Some of them are searching for the 
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clue merely for the sake of adding lo tlie sum of human know- 
ledge. Others are greatly interested because of the possibility 
of putting this process into operation on a factory scale. Eventu- 
ally, some scientist will probably find the answer. 

Some plants, notably sugar cane and sugar beets, syntl^esize 
and store large amouals of sucrose, the common table sugar. 
The grasses, grain crops, and tubers, such as the potato, are 
mostly starch producers. Starch can readily be changed into 
glucose, a simple sugar of the type contained in the sirup that 
is made from com, by factory procedures. Cotton, hemp, flax, 
and Jute plants are manufacturers of cellulose fibers, as are 
trees. The l^ume seeds, such as peas and beans, have high con- 
tents of protein. Cottonseed, flaxseed and soybeans are particu- 
larly valuable because of their high contents of both protein 
and oil. Tomatoes, melons, and vegetables are mostly water. 

Many plants are s-alued for the highly peculiar properties 
they possess. Tobacco, tea, coffee, and cacao are favorably re- 
garded because of their stimulatory effects arising from their 
retalirelf high content of particular alkaloids. Large numbers 
of herbs are grown for their delightful aromas and flavxiruig 
properties. Other plants are noted for their production of toxic 
substances, some of which are made use of for the control of 
insects. Alkaloids of other plants have medicinal values. 

Green plants also produce and contain at maturity appreci- 
able quantities of a great variety of miscellaneous organic 
substances that play highly important roles in the nutrition of 
animals and man. Among these are the many different hut 
highly essential vitamins that are required by all animal life 
and ^t are present in such small quantities that kno^vledge 
of tlieir presCTice and importance came only after many years 
of study on the part of hiodiemists and nutritionists. And the 
enzymes, hormones, and many different esters in plants play 
important parts in nutrition and in taste appeal to man. 
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These variations in the natures and amounts of the many 
organic compounds synlJiesized by the several species and 
varieties of plants give them their characteristic odors and 
flavors, their special stimulatory or medicinal properties, or 
their particular nutritional or other use values. The healtli of 
man is governed largely by how well he chooses from among 
the many foods at his disposal in the formulation of his diet, 
which should contain all the essential nutrients in adequate 
and balanced proportions. When given free choice animals 
appear to have a greater capacity to choose advantageously 
than does the uneducated man. 

Taste appeal is as important as nutritional value to most 
people. Thus wheat does not taste like maize. Apples are readi- 
ly distinguishable from pears. Peanuts have little resemblance 
to pecans. Watermelons are quite different from cantaloups. 
Tea and coffee have essentially the same stimulatory effects 
on man, but they taste quite differently to him. And tobacco 
provides an entirely different and unique type of pleasure for 
those who enjoy it. 

Shades of green in plants are characteristic for the several 
species and varieties. They vary from blue-green to green-yel- 
low, will] all tlie gradations in behveen. It is this variety of 
greens that makes the summer landscape so attractive. These 
differences in shades of green are apparent in the several 
grasses, grain crops, and vegetables in the farmers’ fields, in 
the flowers and shrubs about the house and yard, and in the 
bushes and trees throughout the parks and forests. 

When the green fades out in the fall of the year and the high- 
ly decorative yellows and reds take llieir places, winter is not 
far ahead. Only the evergreens stand out in marked contrast 
to the autumn colors and to the winter snow that covers the 
land of tlie colder climates. But with the first warm days at 
winter’s end, the grasses and decidous plants develop new life 
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and the green quickly comes back again as a welcome harbin- 
ger of another spring, ^rith the rwiewed hope and faith that 
come with it. 

The primary urge of green plants is that of meeting tJjeir 
om needs for growth and reproduction. They are not concern- 
ed with the needs of man, the animals on which he depends, or 
the scavenger microbes tliatharbor in ihesoiL Animals, insects, 
and parasitic microbes have inserted themselves into ilje green 
plants’ world. And man looks upon green plants as his to bring 
under control, to domesticate, to redesign, and to use in con- 
formity trith his O'vn needs and desires- Within limits, green 
plants are as clay in the geneticist’s hands. 

The green plants one now’ sees as be drives across the country 
are, for the most part, not those that ivere there originally. 
When the first white man arrived in the United States, virtually 
all thelaod east of the Mississippi Hirer and much of that in the 
first north-ond-soutb line of states west of it was covered >vith 
dense forest. Here and there were bomed-over areas and fields 
of com and other food crops. But a squirrel could have gone 
from Maine to Louisiana without touching the ground, merely 
by leaping from one giant forest tree to the next. 

To the northeast and southwest evergreens predominated, 
with deciduous forests in behveen. In the northern forests pine, 
spruce, and hemlock were the principal species. But large 
numbers of sugar maple, beech, birch, elm, ash, hass^vood, and 
red oak were found among die evergreens. In die central por- 
tion of this forested region, from Nmv York to Indiana and 
from Virginia to Arkansas, broadleaf deciduous species of 
trees prevailed, among whicli were die hickory, black clieny, 
black walnut, gum, asli, maple, tulip poplar, and many varie- 
ties of oak. In the southern states die longleaf, shortleaf, lob- 
lolly, and slash pines were dominanL But interspersed among 
diese evergreen ivere a great variety of deciduous trees, includ- 
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ing the cypress, cottonwood, tnpelo, tulip poplar, live oak, and 
magnolia. Pecan trees grew in the south central area and palms 
flourished in the far soutl]. 

Beyond these forested lands to the west, beginning in north- 
ern Indiana and widening across Illinois and Iowa, were the 
open prairies witli their tall grasses, of which the highly prized 
bluestems ^vere the dominant species. Farther west across the 
Great Plains, the short grasses, including the well-known gra- 
mas and bufialo grass, predominated. Then came the near- 
deserts and deserts farther west, with their great variety of 
dry-land grasses, shrubs, herbs, and cacti. Finally, the tallest 
forest trees in America entered the picture along the Pacific 
Coast. The world’s heaviest stands of tall timber, including 
the famous Douglas firs and (he tliousand-year-old sequoias, 
^rere there. And many other evergreens, such as the white pon* 
derosa pine, the hemlock, the fir, the cedar, and the spruce, 
were native to that region. 

Now, some 350 years later, little of the virgin forest remains. 
The trees that are now growing in (he forested areas are gener- 
ally second-growth types, but with ever increasing acreages of 
planted trees, mostly evergreens. Cultivated crops and grasses 
have replaced tlie forests and the native grasses over large 
acreages of land. The grasses east of the Mississippi River, and 
the legumes associated with them, are largely introduced 
species brought to this country by the pioneers from Europe. 

Nearly 400 million acres of once forested, grassed and 
desert lands are now being used for growing feed, food, and 
fiber crops. About 100 million more acres have been taken 
over for cities and towns, highways and railroads, airports and 
parks, wildlife preserves, and national defense purposes. And 
very large acreages of grazing land no longer contain any of 
the original native grasses. 

Forests and woodlands are being confined more and more to 
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hilly and mountainous lands, stony and wet lands, and lands 
that are too sandy to support the more demanding types of 
vegetation. Farmers have monopolized the best land — that 
which is level, well-drained, and naturally productive — for 
gro\ving the kinds of crops they can use and sell. It is highly 
important tJiat as mucli as possible of this good agricultural 
land be protected against encroachment by those \\ hose interests 
are in industrial and suburban development rather than in 
agriculture. 

Forests ate being brouglit under control, protected from fire, 
and improved by man. A great deal of attention is being paid 
to replacing the original types of forest trees with more produc- 
tive species. Selection and breeding are being applied to trees, 
as it has long been applied to grains, clovers, fiiwr crops, vege- 
tables, and fruits, Fertilirers are finding their way into the man- 
agement program for forests that are being used in pulp and 
lumber production. 

Tlie same applies to the natural grasses, which are being 
rapidly replaced by domesticated species that have been select- 
ed and bred for higher acre yields of higlier-qualiiy forage. A 
great deal of attention is being given to the range grasses of 
which many varieties are available for improvement by selec- 
tion and breeding. Greater effort is being put into the produc- 
tion of more seed of improved varieties and into Uie protection 
of new seedings until the yoxmg grass gets well under way. 

A close inspection of the most important crop plants of the 
United States mainland provides a means of sharpening one’s 
appreciation of the highly important parts that are played by 
green plants in tiie well-being and enjoyment of man. It aids 
in understanding wliy it is so essential that a great deal more 
thought and effort be directed toward the development and pro- 
tection of plants. And it makes it evident that improvement of 
soil conditions is imperative so diat feed, food, and fiber crops 


155 



Earth: The Stuff of Life 

can te grown to not only Inglier acre yields but to bigber qual- 
ity of produce in relation to the uses to which they are to be put. 

In the northeastern part of the United States one is impressed 
by die large acreages that are being devoted to grass and 
clover for hay and pasture purposes, primarily for dairy cows. 
But one also sees large fields of potatoes, vegetables, and small 
grains, as well as sizeable acreages of tobacco, many acres of 
which are grovm under tents. Apple and peach orchards, em- 
broidered with pink blossoms in the spring and red-cheeked 
fruits in the autumn, are widely distributed over the region. 

Moving southward, die sweet potato, or yam, largely re- 
places the white potato. More fields of tobacco and large acre- 
ages of peanuts come into view. Cotton, with its white blossoms 
the first morning and pink die next, becomes a highly important 
crop. Out of the green bolls that replace the blossoms come the 
pure white fibers for use in the manufacture of clothing and the 
seed that have high value for oil and protein. 

Hay and pasture lands still abound, but they are covered 
with different grasses, of which the recenUy developed coastal 
Bermuda grass is an excellent example. Tlie ted and alsike 
clovers and the alfalfa of the North have been largely replaced 
indie Soudiby such forage legumes as lespedcza, lupines, cow- 
peas, and the wide-ranging kudzu vine. Tlie brilliant color of 
many large fields of crimson clover in early spring is a sight 
long to be remembered. Acreages of small grains are not so 
large, but com is still mneb in evidence. More beef cattle are 
noted and many com- and peanut-led hogs, the latter producing 
a differently flavored pork, are to be found. 

Many groves of planted pecan trees enter the picture, nota- 
bly in Georgia and extending westward into Texas. Tung trees, 
grown for the nonedible oil iheit nuts yield, appear in northern 
Florida and continue as far west as Mississippi. Citrus trees 
dominate the landscape over large and rapidly expanding acre- 
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ages in Florida. Fartiier south a fevr groves of papayas, man* 
goes, and avocados appear, and occasional small plantings of 
pineapples and bananas. l>Iany cabbage palms are noted in the 
sandy open spaces and long lines of tall imperial palms grow 
along the city boulevards. Spanish moss drapes gracefully 
from many forest trees, notably the lire oals. 

One cannot forget the flame vines that grow along the fences 
and appear to set them on 6re. Then there are the purple bou- 
gainvillaeas that climb the trees, the beautiful camellias, the 
bright red poinsettias, and the forests of nearly pine magnolias 
uHth iheinvaxen while flowers. Semitropital vegetation of great 
variety aboimds. 

From Virginia southivard along the Atlantic Coast and from 
Florida westward along the Gulf of Mexico, celery, spinach, 
turnip greens, other salad crops, and native American winter 
vegetables such as potatoes and tomatoes tend to be dominant 
among tbe intensively grown crops. Do^rn in the Everglades of 
Florida a large area of once sn-ampy black peal soil has been 
brought under control by man for the production of printer 
vegetables and sugar cane. But large acreages of semitropical 
forests, abounding in a great variety of Avildlife, still exist. 

Moving northward into the central states, the outstanding 
feature of the farming is the large percentage of the land that is 
being devoted to grain crops. Com, used primarily/orhogand 
cattle feed, is the dominant grain crop in Indiana, lUinoi?, 
loira, and Wisconsin. One drives hy fields of tall com extend- 
ing for many miles along the highway. Scattered about in tlie 
com belt are millions of acres of soybeans, a crop imported 
from China that has special value as a source of protein feed 
to supplement the starchy com. It is also an important source 
of oil which, along with oil derived from cottonseed, is used in 
the production of margarine as a replacement for butter. 

Moving trestward winter wheat becomes the dominant grain 
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crop in Nebraska, Kansas, Oklahoma, and West Texas. Many 
millions of acres of wavingwheatare seen and billions of bush- 
els of grain are produced every year. Grain sorghum, a dry- 
land crop, tends to replace com in the wheat belt, and larger 
acreages of alfalfa enter the picture. North of the com and 
wheal belts, spring wheal, oats, and barley come into greater 
prominence, and other large acreages of alfalfa are found. 

From llie wheat belt westward, grazing lands for beef cattle 
■ — particularly white-faced Herefords — and for sheep domi- 
nate tlie agricultural landscape. Mohair goats come into promi- 
nence in southwestern Texas. To the far south, in the Rio Grande 
Valley, early vegetables, citrus fruit, and cotton enter the pic- 
ture on the irrigated land along the river. And in California 
other large acreages of citrus trees and cotton are found. Or- 
chards of plums, prunes, figs, dates, and avocados are noted to- 
ward the south. Large groves of English walnuts and almonds 
are to he seen. Farther north many thousands of acres are de- 
voted to grapes for wine and raisins. 

Apple and pear orchards abound in Oregon and Washing- 
ton. Grain, grass, and other forage crops again come into prom- 
inence in the cooler and moister region of the far Northwest. 
Dairying and lumbering become much more important indus- 
tries. But nearby Idaho is famous for its white potatoes tliat are 
grown to phenomenal size and yields on irrigated arid land. 

Side trips from the main line of travel of some three thou- 
sand miles across the United Slates from east to west reveal the 
cranberry bogs of Massachusetts, New Jersey, and Wisconsin; 
peppermint fields in Michigan; sugar cone plantations in 
Ixmisiana ; rice fields in Arkansas, southwest Texas, and Loui- 
siana ; and beautiful purple-flowered flax in the Dakotas. 

From New England westward to Ohio many groves of sugar 
maples are tapped every spring for the sap outof whicli the de- 
lectable maple sirup is made. Not far removed in Pennsylvania 


158 



A Blaih: op Grass 


and West Virginia are many small fields of Avliite-flowered 
buckwheat, the grain of whidi furnishes the flour for making 
delicious buck^vheat pancakes. 

blany varieties of beans are being grown the country over. 
Tliese include the navy beans of Michigan, the kidney beans of 
the western stales, tbe closely related black-eyed peas and cow- 
peas of the southern states, and the soybeans of the central 
West, Castor beans are of considerable interest. And the many 
acres of high quality peas for freezing arid canning that are 
groim in "Wisconsin and Minnesota merit special mention in 
this connection. 

Plum, pear, apple, and dierry orchards are scattered over 
the northeastern quarter of the United States. Huckleberries 
grow;s-iId over large areas and good-sized acreages of cultivat- 
ed blueberries are found. In and around tbe cactus-covered 
desert and aemian'd regions, large acreages of melons are seen 
under irrigation. Sugar beets are gro^m under irrigation in 
Colorado and Utah and Avithout it in Michigan and Indiana. 
And tbe watermelon abounds Uiroughout Uie hiunid south. 

Many flmveting trees of special interest are found from re- 
gion to region. Among these are the white-flowered catalpa, 
the pink hawthorn of the nortli, the crape myrtle of the south, 
and the widely distributed locust. The rhododendron and 
mountain laurel of the cooler and moisler regions of the north 
are replaced by the azaleas and abclias to the south. Tlie honey- 
suckle abounds throughout the eastern half of the country. In 
Louisiana not only the kudzu plant but tlie purple iristeria 
as well climbs to llie tops of the tallest trees. And, in a favorable 
spring, hundreds of miles of many-colored desert floifers line 
the roadside and spread out across the grazing land in tbe arid 
regions of the soutliwest, as far as the eye can see. 

In many areas the countryside is decorated with acres of 
cultivated flo^vers, in full bloom m their season, that are being 
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grown for seed and bulbs. Here and there such odd crops as 
safflowers and antchokes arc found. Wild sunflowers abound 
in Kansas, the cultivated ones appearing in many yards and 
gardens and, occasionally, in full fields. Mention should be 
made also of the wild black walnut, the butternut, and the hick- 
ory nut. The wild chestnut, which once abounded throughout 
the eastern half of the United States but was completely de- 
stroyed by blight, is now coming back under conditions of culti- 
vation in blight-resistant form. 

The strawberry, which is tvidely grown the country over, but 
particularly along the Atlantic Coast and in Louisiana, should 
not be forgotten. Then there are the blackberries, dewberries, 
raspberries, boysenberries and a number of other members of 
this group. The delicately flavored wild elderberry, the papaw, 
and the persimmon, as well as the cultivated quince, the apri- 
cot, and the mulberry, merit mention. 

What one sees on the United States mainland is only a small 
part of Earth’s total bounty of green plants that man has put to 
work in his own behalf. Other plants ere dominant in other 
parts of die ^rarld. In eastern Europe and in Russia, rye is a 
highly important bread crop and sunfloiTer seeds take the place 
of peanuts. Barley and oats are the preferred grains in northern 
Europe. Large acreages of soybeans are being grown in Man- 
churia for protein and oil. While potatoes have long been a 
dominant crop in Ireland, having been imported from their 
native home in America. The agricultural economy of south- 
east Asia is built around rice. 

Among the many agricultural plants not groivn c»roinercial- 
ly in the United States are the rubber, coconut palm, and ma- 
hogany trees of tlie tropics. Other highly important tropical 
plants are cacao and coflee trees, bananas, teas, spices, and 
vanilla beans. Bamboo is an important crop, both for food and 
fiber. Hemp and jute are grown on a large scale for fiber in tlie 
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Orient. Pineapples ate a speciality of the Hawaiian Islands. 
World commerce is largely concerned with ihe movement of 
tjiese and many other agricultural products from areas of sur- 
plus to those of scarcity. 

Tliese various forms of green-plant life are all subject to 
attack by diseases and insects and to competition from weeds. 
A great deal of time and effort is being invested in developing 
means of protecting crop plants against such pests. All plants 
are capable of being improved for man’s purposes by selection 
and breeding, and among tlje many possibilities for their im- 
provement is tlie development of built-in resistance to disease 
and insect attack. 

Such tedinJfpies, however, are of little avail unless the soils 
on which the several crop plants are being g^o^vn are maintained 
in a high state of fertility. This involves not only soil and 
water conservation techniipies that hold the soil where it is and 
absorb the rain where it falls but others that have for their pur- 
pose the restoration to the soil of the nitrogen and mineral nu- 
trients lost in drainage waters and through crop removal. 
Special attention must be given to the use of liming materials 
in acid-soil areas and to means of preventing salt accumulation 
and tJje development of excess alkalinity in irrigated arid 
areas. The need for supplemental applications of mineral nu- 
trients and nitrogen is general. 

It is important, however, that all of us realize the significance 
of green plants, the contribution they make to the well-being of 
man, and his dependence upon ibem. The more primitireforais 
of green plants were here on the earth well in advance of the 
coming of man. They and their ewlved forms are man’s to use. 
Gut these green plants also off^er a challenge in that they have 
the ingro^m capacity for tremendous improvement in yielding 
ability and in quality, as mrasured by man’s wants and needs. 

The possibilities of raoyins farUier and farther into tlie trop- 
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ics, the deserts, and the frigid lands of the earth from the sur- 
rounding areas of more hospitable environment are very great. 
The bormdaries of these vast areas of unused lands are not 
fixed. But they can expand as well as contract. And it is up to 
man to devise the ways and means by which ever larger acre- 
ages of these inhospitable lands are brought under control for 
green-plant production in such a manner as to make the de- 
velopments permanent ones. 
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Rfmanber, O man, that thou art dust 
and to dust shaU thou return. 

— UTDKCtCAI. uurao^ TSOM CESESIS 


Chapter Eleven 

THE SOIL IN MAN 


I 


SOILS, by way of planlx, put iheir marks on mankind. Tliey 
vary greatly in mineral and nitrogen content from region to re- 
gion, and (be plants grotting on them do likcHise. And since 
plants require mineral nutrients and nitrogen in constructing 
tbeir substance out of the gases of the atmosphere and the tester 
that falls as rain, it would be expected that the organic compo- 
sition of plants would also vary greatly from region to region. 

Man ordinarily thinks of feed and food plants as sources of 
carbohydrates, oils, and proteins. Or he may think of them as 
sources of the necessary* vitamins. At other liojes the eslersy 
tv'hich give some plants their delightful flavors and aromas, or 


'• 1 ± 


j±j_ 


163 



Earth : the Stuff o} Life 

tlie alkaloids of other plants, that serve such a variety of stimu* 
lalion and medicinal purposes, will be foremost in his mind. 

But most of the soil-derived mineral nutrients in plants are 
just as necessary to animals and man as they are to the plants 
themselves. If adequate quantities of these mineral nutrients 
are not contained in feeds and foods, symptoms of deficiency 
will soon appear and serious consequences may result. Toxic 
mineral elements lliat are present in some soils and are taken 
up by the plants growing on them often quickly register their 
injurious effects. 

Some one hundred different elements are contained in, on, 
and around Earth. Seventeen of them are knoAvn to be required 
by plants. Four — carbon, hydrogen, oxygen, and nitrogen — 
constitute about 95 per cent of the dry weight of the average 
plant. Derived from air and water, they are driven off as gases 
when plants are burned. Tlie others, left behind in the ashes, are 
mineral elements that the plants obtained from tlie soil on 
which it grew. These ashes constitute about 5 per cent of the dry 
weight of plants. But the ash content of man is from 10 to 15 
per cent of his dry weight. 

Most of tlie soil-derived mineral nutrients required by plants 
are needed by animals and man as well. But one of them — ^bor- 
on — is not. And the traces of iodine and fluorine, that are nor- 
mally taken up from the soil by the roots of plants and distrib- 
uted throughout their tissues, have little or no known value to 
the plants themselves but arc essential to animals and man. 

Plants also contain considerable amounts of silicon, alumi- 
num, and titanium, diat were obtained from the soil, and lesser 
quantities of a great variety of other soil-derived mineral ele- 
ments of no presently known nutritional value either to the 
plants themselves or to any very important form of animal life. 
There is nothing to prevent plants from absorbing tliese or any 
other mineral elements contained in the soil, whether tliey are 
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useful or not. In fact, plants absorb elements that arc not only 
poisonous to the animals that feed on them but to themselves 
as Avell. 

Although only thirteen Boil-dcrived mineral elements are 
knovi-n to be required by plants and only fifteen of them by ani- 
mals, Olliers are believed to have supplemental values to both 
plants and animals. And still others may later be found to be 
necessary or useful. The trace elements are needed in quanti- 
ties of only a feiv parts per million or per billion of plant or 
animal substance. These small quantities present great difficul- 
ties to the chemists and biologists who are trying to find out 
^vhetber they are essential to living things. 

By and large, the chemical composition of the atmosphere 
and that of the rain out in the open country, where most of the 
crops are being gronri, are essentially the same the world over. 
Such gases as may be given off by the burning of fuels in manu- 
facturing processes and datiag volcanic eruptioas, sometimes 
(0 the point qf injuring or killing plants, or even man, in the 
Immediate vicinity, are normally well-diluted by the gases 
natural to the atmosphere before they reach the laige crop- 
growing areas that are usually well-removed from the cities. 

The soil, rather than the atmosphere or the rain, is the pri- 
mary variable controlling the nutritional quality, both organic 
and inorganic, of any given spedes and variety of plant. But 
temperature and the araoimt of light also affect plant quality. 
Also, the younger Use plant the higher its content of free water. 
But once this irater has been driveu off by drying in the open 
air or by tbe use of beat, the dry matter that remains is much 
higher in its percentages of mineral matter and protein than 
that of more mature plants. As plants mature they tend to ac- 
cumulate more starch and cellulose, with consequent increase 
in energ>' values and dilution of mineral and protein values. 

Jlany questions have been raised concerning the e.Ttent to 
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which variations in the mineral quality of soils affect the nu- 
tritional quality of the produce of the plants growing on them- 
If the nutritional quality of plant produce does vary consider- 
ably from soil to soil, one would expect this to be reflected in 
the well-being of the people who consume the products of the 
several soils. And this might well apply whether the plant prod- 
ucts were eaten as such or by way of the meat and milk produced 
by feeding them to livestock. 

One might well ask whether the chemically quite different 
gray, brown, black, yellow, and red soils of Earth produce quite 
different plant products that are capable of putting their re- 
spective marks on mankind. If so, are these differences in nu- 
tritional values due to variations in the mineral qualities of the 
plants, to those in their organic qualities, or to both? 

Should the nature of the soil be considered in choosing a 
location for growing livestock or for bringing up a family? 
Does it make any difference whether the wheat and rice, the 
apples and oranges, the potatoes and tomatoes, and the many 
other grains, fruits, and vegetables one eats and the water and 
wine one drinks came from soils that were derived from gran- 
ite, sandstone, limestone, shale, or peal? Is there any depend- 
able evidence that people from the drier regions of Earth, 
where soils have not been subjected to heavy leaching rains 
over the centuries, are physically or mentally superior to their 
counterparts in the high-rainfall regions? If so, would it be de- 
sirable to encourage greater interchange of foodstuffs among 
the peoples of the several climatic regions of Earth? 

Is it important to consumers that farmers in regions of heavy 
rainfall, where, as a consequence, the soils are acid, lime the 
land on which feed and fo^ crops are being grown? Does it 
make any difference to man whether the soil’s supplies of min- 
eral nutrients and nitrogen are renewed by applying composts 
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and manures and by growing I^umes ralber than by the use 
of chemical fertilizers? 

When acre yields of crops arc raised to much higher levels 
by selection and breeding, as in the development of hybrid 
com, does this result in lowering tbemineral and protein ralues 
of the plant products? If so, is there any means by which this 
deterioration in fjuality can be overcome? 

Should missing mineral elements needed by animals and 
man but not by plants be supplied byway of the soil aud crops 
rather than as mineral supplements to the common salt that is 
being consumed? Would it be desirable to substitute a salt oiii- 
ture containing all the essential mineral elements for the com- 
mon salt diat is now being consumed by animals and man? 
Would sea salt have worthwhOe advantages in this connection? 

These questions are not raised with the thought of dealing 
directly with them, since considerable doubt ejiisls in the minds 
of most men who are primarily engaged in trying to solve these 
problems, and closely related ones, about which the answers 
abould be. The thought is rather that, with these questions in 
mind, one should be in a mudi better position to think o! the 
soil in relation to meeting the nubriUonal needs of man. A great 
many isolated facts are known that, when pieced together, aid 
in readiing reasonable conclusions concerning these and many 
other closely connected questions that are beiog raised. A num- 
ber of such facts have been selected as being of particular in- 
terest in this connection. 

The earliest civilizations came into being and readied their 
highest levels on the unleadied soils of the semiarid and irri- 
gated arid regions of East Asia and Nortli Africa. Soils of lime- 
stone origin, the earth over, are highly favored for livestock 
production. The Blu^rass region of Kenfuck)’, famed lor its 
fine horses, is located on soil having a hi^ content of calcium 
phosphate. “Hie inhabitants of certain areas of Arizona are sel- 
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dom troubled with tooth decay, with the extra soil fluorine re- 
ceiving the credit. 

In contrast, the animals and people of certain regions have 
suffered from deficiencies of mineral elements in the food they 
ate and the water tliey drank. Switzerland, for e.YampIe, rras 
long noted for the number of large pendant goitrous growths 
with which the people were troubled in many areas. Similarly, 
the Great Lakes region of the United States, extending west- 
ward into Montana, had a high incidence of goiter in both ani- 
mals and man. These troubles are kno\vn to have been due to a 
deficiency of iodine, which is now being supplied as a supple- 
ment to common salt. Iodine deficiency was responsible also 
for the birth of many hairless pigs and calves in that region 
before farmers learned to make use of iodized salt. 

Widespread deficiencies of phosphorus in soils and crops, 
with resulting troubles with livestock, have been noted in many 
parts of the United States, notably in Michigan, Minnesota, 
and Montana. In such areas the animals are badly stunted, tend- 
ing to have small bones and stiffened joints. They have an ab- 
normal appetite for any bones that may be found in the fields 
or around the farmstead. Bone meal is being supplied to live- 
stock as a supplement to common salt to great advantage in 
these areas. 

Many areas of deficiency in cobalt have been found in vari- 
ous parts of the world, especially in Australia and New Zea- 
land and in New Hampshire, South Carolina, and Texas in the 
United States. Animals in such areas suffer from anemia ; they 
are stunted and have low reproductive capacity. It is now com- 
mon practice to add a cobalt salt to fertilizer in those areas 
or to mix it with the common salt that is being fed. Many of tlie 
feed producers in the dairy areas of the northeastern quarter 
of the United States are now adding two grams of cohalt sul- 
fate to every ton of feed sold. 
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Evidence of deficiencies ia iron, copper, and manganese in 
the diet of both children and livestock, as indicated by anemias, 
has been found in certain parts of Florida. Reports from Pm* 
land suggest that people living in regions of strongly acid soils 
are more subject to tubercolosis than those of regions rrbere 
the soils are high in lime. Afen who work around limestone 
quarries or lime-burning plants are believed to be relatively 
free from tuberculosis. 

A great deal of trouble has been experienced in Kansas and 
neighboring states from what b fcnovra as “grass tetany.*’ 
Similar troubles have been reported in Holland. The evidence 
indicatestbattbis is due to an excess of potassium in (be young 
green wheat or grass on whidi the livestock graze during the 
late fall and early spring months. In proportion as a plant has 
an abnndance of potassium at its disposal it will not absorb 
nearly as much calciom or magnesium as it nonaolly would. 
The immediate remedy has been found in injections of calcium 
and magnesium gluconates. Where the soils are acid~-tbis 
applies to Holland but not to Kansas— dolomitic limestone, 
which Is hi^ In both calcium and magnesium, can be appb'ed 
to the soil to good long-time effect in controlling this trouble. 

The soils of the bigh-rainfall tropical regions tend to be low 
in both calcium and phosphorus and, as a result, the people 
eating the produce of these regions are often smaU in stature. 
Fortunately for these people, the sun, falling on their bare 
skins, permits the synthesis of more than normal amounts of 
vitamin D, a highly important aid to calcium absorption and 
use in bone production. The bony fraromrork of these people 
is often spare from the low content of calcium and phosphorus 
in their diet, but their bony structures are solidly built. 

The soils of certain parts of Earth contain such large qtianfi- 
b'es of particular mineral elements of the type that are highly 
toxic to animals and man as to be injurious and sometimes fatal 
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to those consuming the produce of these soils. Of these ele- 
ments, selenium is probably the most troublesome. This ele- 
ment is a serious hazard to livestock. It may be also to people 
if they consume only such foods as are produced locally. Yet 
traces of tliis element are required by both plants and animals. 

Selenium is present in largest amounts in the vegetation 
of semiarid regions where the soils were derived from rocks 
of the Cretaceous period. These soils have not been subjected 
to sufficient rainfall and drainage to carry the selenium away. 
Such a region extends in a wide belt from inside western Cana- 
da entirely across the United States, from the Dakotas south- 
ward to Mexico City. The primary problem is that of dealing 
with selenium-accumulating plants, of which certain species 
of Astragalus are the most troublesome examples. 

Two types of selenium injury are noted in livestock that 
graze on such forage. One, known as “blind staggers,” has fre* 
quently led to the deatlis of large numbers of migrating sheep 
in a very short time. The other results in the malformation and 
sloiighing-off of the hoofs of all classes of animals. 

Molybdenum, a trace element that is required in such small 
amounts by both plants and animals tliat it escaped the notice 
of nutritionists until quite recently, is also troublesome when 
in excess. Certain soils, notably some of those in California, 
Florida, and the British Isles, contain so much of this element 
In highly available form that the forage growing on them is 
toxic to livestock. The most readily recognized symptom of 
such toxicity is the serious diarrhea that results. If not reme- 
died, the animals will die. This is another case of mineral im- 
balance from the plant’s absorption of too much of one element 
at the expense of or in relation to another element. In this case 
a remedy is found in adding copper sulfate to the common 
salt that is fed. 

Fluorine, an essential irace^nineral nutrient for animals 
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and roan but not for planl5» is troublesome ifhea present in ex- 
cess in feeds, foods, and TPater. In certain parts of tbe United 
Slates, notably in tbe drier areas of the Southwest and in the 
ridnity of phosphate-rocfc deposits, the soil and water are 
naturally quite high in ibis clement. Unfortunately also, fluo- 
rine is given off as a gas into the surrounding atmosphere in a 
number of manufacturing processes, notably those of the alumi- 
num and superphosphate industries. The fluorine thus evolved 
is brought dosNit to &rth in rain and is absorbed by the roots of 
plants. It may also be absorbed through the leaves of plants. 

Flaorine is an essential constituent of teeth. UTien the supply 
in feed, food, or ivater is inadequate, trouble is experienced 
ivitb excessive tooth decay. In larger amounts, however, it be- 
comes destructive; tlie teeth take on a mottled appearance, turn 
broivn, become brittle, and lend to disislegrate. Considerable 
difficulty was experienced when rode phosphate, which is high 
in fluorine, was substituted for bone meal aa a supplemental 
miaeral feed for cattle. This difficulty is being overcome by 
heating the rock phosphate to high enough temperatures to 
drive the fluorine off into the atmosphere. Drinking water is 
now being fluoridated in many cities where its content is below 
that believed to be required for sound teeth. 

The r idlest soils, io leros of mineral nutrients in forms that 
are readily available to plants, are generally found in irrigated 
arid regions. There the soib have not been subjected to serious 
leaching by heavy rainfall over Jong periods of lime. Other 
mineral-rich soils are found in the wide valleys towanl the 
mouths of great rivers. There topsoil from wide acreages up- 
stream has been spread out over the land with each recurring 
flood. Such alluvial soils are deep and highly productive. 

Glaciated soils, such as those that cover most of Canada, a 
part of the northern half of the United States, and the northern 
part of Europe, are also relatively rich in mineral nutrients. 
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The glaciers ground vast quantities of nutrient rich rocks to a 
fine pov, der and mixed it with fiie underlying soil within rela 
lively recent time, the last ice invasion having been only about 
eleven thousand years ago Similarly, there are large areas of 
land over which deep deposits of nutrient rich volcanic ash 
have been spread quite recently 

The soil derived mineral nutrients required by plants may 
be convemently divided into three groups Phosphorus and po 
tassium are most likely to be deficient because of tlieir being re 
moved by plants m largest quantities in relation to the avail 
able supplies in the soil These, together with nitrogen, an air 
derived element obtained by most plants by way of the soil, are 
known as the major nutrients They are commonly supplied in 
extra quantities in die fom of mineral feriiluers 

A second group, known as the secondary nutrients, are just 
as essential to plants but are not so generally deficient m soils 
This group includes calcium magnesium, and sulfur Cel 
cium and magnesium are most likely to be deficient in acid soils 
and such deficiencies are normally remedied by tlie use of pul 
verized limestone Mineral fertilizers normally contain consid 
erable amounts of calcium and sulfur in association witli the 
major nutrients, and sulfur also readies the land in industrial 
areas as sulfur dioxide dissolved in rainwater 

Trace elements constitute a third group of soil derived min 
eral nutrients These include iron manganese, zinc, copper, 
cobalt, boron, molybdenum, selenium, and chlonne These 
elements are required in quantities of only a few parts per mil 
lion of the dry weight of plants Large areas of deficiency of one 
or another of several of these elements are known And it is 
believed that other large areas of deficiency will be found in 
due tune 

When the mineral nutrient needs of animals and man are 
considered, calcium, phosphorus, sodium, and chlorine be 


172 



InESotLisiUy 


come the major group; potsssium, magnesium, and sulfur, the 
secondary group; and the trace elements constitute a third 
group, When quantitiea and ratios are considered, the mineral* 
nutrient requirements of animals and man differ materially 
from those of plants. 

The quantities of sodium and chlorine in most of the soils of 
the humid regions are so small that feed and food crops con- 
tain only mere traces of tJ»ese elements — traces sufficient to 
meet the needs of most plants hut far from adequate to meet 
the needs of herhiTorous animats and of man. They represent 
deficiencies that must be overcome. And, strange as it may 
seem, even the most ardent organic gardener svho objects to 
the use of chemical fertilirershasno hesitancy whatever in sea- 
soning his food iritli common salt, wbidi is a purely inorganic 
chemical salt. 

Deficiencies of truce'mineral nutrients, whether one is think* 
mg in terms of those needed by plants, by animals, or by both, 
are not always caused by their being present in too-limited 
amounts in the soil. They may be due to the lo'v solubility of 
the soil forms of these elements in water, an essential to their 
being absorbed by plant roots. Iron is often deficient in plants, 
notably in trees, notwithstanding (hat soils contain abundant 
supplies of this element. A problem often involved with iron 
is that it tends to form insoluble compounds inside the plant 
before it reaches the growing lips. The leaves of plants then 
turn agolden yellow and grovrth ceases. In trees, the mere driv- 
ing of iron nails into the trunks and branches is all that Is re- 
quired to overcome this defiaency. But better methods are 
known for correcting this and other trace-element deficiencies, 
both in trees and all other plants. 

Deficiencies of soil-derived elements required by animals 
hut not by plants cannot be detected by any abnormalities in 
the appearance of the plants, but they may be readily apparent 
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in the animals that consume the plants In meeting the needs of 
farm animals, these elements can usually be supplied either 
by way of the soil and plant or as mineral supplements to the 
common salt This is particularly true of the ruminants 

The carnivores obtain mineral nutrients, including the com 
mon salt they require, by eating other animals Man, partially 
a carnivore, may need extra common salt And most of Uie 
other mineral elements he may require, over and above the 
quantities contained in his food, can be supplied in chemical 
salt forms But there are tivo exceptions Cobalt must be sup 
plied as cobalamm or vitamin B'* And the sulfur containing 
ammo acids, methionine, and possibly cystine, must be sup 
plied m the form of some natural protein, such as meat, eggs, 
or milh, or in such plants as those of the cabbage family 
Plants grown in irrigated and regions of the earth are usual 
ly rich in all the mineral nutrients required by man In the 
United States, the mineral nutrient, except for manganese, and 
protein xalues of plants tend to decrease from west to east, and 
carbohydrate values tend to increase Turning southward, the 
carbohydrate content of plants tends to increase still further at 
tlie expense of mmeral nutrients and proteins, and the quality 
of the prolems is lovfered Soils of high rainfall areas are nor 
mally low in sulfur, and the plants growing on them tend to be 
low in the highly essential sulfur containing amino acids, as 
well as in thiamine and biotin, tivo of the Mtamin B complex 
This IS particularly true of sods in the tropics, lack of indus 
trial development in such areas means that relatn ely little sul 
fur wll be contributed by waj of the atmosphere and ram 
Tlie several species of plants differ greatly in their contents 
and ratios of the mmeral elements, ewn when growing on iden 
tical soils These variations are related to differences in habits 
of growth, deptli of root systems, rates of absorption by roots, 
and the heritages of the plants In general, legumes are high in 
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mineral element5 and proteins. Sugar cane is an example of a 
semitropical plant that has low percentages of mineral elements 
and proteins and a high content of carbohydrate. 

Certain species of plants tend to accumulate specific ele- 
menb. Clover is an accumulator of cobalt; ragire^, of zinc; 
hickory, of aluminum; and beets, of sodium. Cabbage is an ac- 
cumulator of sulfur; tobacco, of dilorine; and soybeans, of 
phosphorus. Sunflower is an accumulator of boron; locoweed 
(Astragalus)^ of selenium; devil’s paint brush (Hieracium), 
of molybdenum; and horseUit (£<piiseSvm), of silicon. Pig- 
weed (^maranffiiu) lends to accumulate nitrate. 

Mineral deficiencies are likely to be much more widespread 
tn attimals than in man, because most animals are laigely con- 
fined to a given farm where they consume the produce of just 
one general kind of soil. lo contrast, modern man may con* 
suae the produce el many diffeKat kinds of foil, iaeiuding 
those of the far coroers of the world. The mineral nutrients that 
are missing in tbe produce of one soil may be supplied in brge 
amounts in that of another soil.T«dcelerocnb present in excess 
in the plants of onearea may be almost entirelyiaissing in those 
of another area. Thus the concentrations of all the mineral nu- 
trients and of toxic elements may thus be averaged out to 
the point where neither deficiency nor toxicity develops. 

Animals serve as testing agenb for man in determining 
whether the produce of any given area can be consumed with 
safety, often losing their lives in the testing. Beef cattle and 
dairy cows serve as concentrators of the mineral nulrienb and 
proteins required by man. This applies particularly to the trace 
elcmenb, which tend lo accumulate in the livers of animals, 
explaining the long-established practice of eating liver once a 
week. And the same principal applies to the consumption of 
salt-water fish, a common Friday article of diet. 

Bumlnants, of which sheep sad cattle are our most important 
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examples, ha\e considerable adrantage nutritionally over 
man In the rumens of these animals, feeds are processed micro- 
bially and then built back up into neiv nutritive units that nor 
mally meet all the requirements of animals Those microbes 
can start with sugar, stardi or cellulose, a chemical form of 
nitrogen like urea, and a muted salt containing all the e«ential 
mineral nutrients and construct their oivn foods, which then be 
come the food for the ruminant itself An interesting develop 
menl along this line is the use of liquid molasses, ethyl alcohol, 
phosphoric acid, urea, and mineral salts as a supplement to 
such crude, fcufk feeds as corncobs, com stalks, straw, and 
gra «3 hays as a feed for beef cattle By tbis means all of their 
requirements can be met at relatively low cost 

Meeting the food needs of man u a much more difBcult prob- 
lem Not much synthesis of essential food units can be expected 
from the microbial population m his intestinal tract, although 
this 18 not to be entirely ruled out For the most part, man must 
eat vshat he needs in the form of already sjmthesized organic 
substances in such products as grams, fruits, and vegetables, 
supplemented by milk, meat, e^s, and fish The problem is one 
of selecting a balanced diet of carbohydrates, oils or fats, 
ammo acids, and vitamins 

But the matter of mineral nutrient balance must be dealt 
with The tendency has been to consider that common salt, and 
the iodine that is generally added to it, meet all the supplemen 
tal mineral requirements The appetite of mo't people for com 
mon salt has been developed to the point where much more is 
consumed than is required Tins has the effect of reducing the 
av ailability to tlie human s> stem of the potassium, calcium, and 
magnesium in Uie foods eaten and dial of the phosphorus as 
v\ell It »ould seem that foods should be cho«en for Uieir 
mineral nulnent values, more or less m opposition to common 
sail 
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Although man has the possibility o{ a wide and adequate nu* 
tritionalbase for meeting both his mineral and his organic food 
needs, he isnot always aide to lake full advantage of tliis. Most 
of his food may come from a region that is covered witli the 
same general kind of soil. TIius the Californians, for example, 
may consume mostly the products of the irrigated alkaline 
desert soils of that stale. People of the corn belt are largely 
products of the surrounding neutral prairie soils. Much of the 
food eaten by New Englanders is grotvn on the low-Hrae acid 
soils of that region. The people of the South lend to consume a 
diet that is higher in carbohydrates and lower in proteins and 
minerals than that consumed in the central and ivestem states. 
And the people of the tropics have still more carbohydrates and 
still fewer proteins and minerals in their diet. 

Everyman Las a chemistry peculiar to himself. This applies 
to the sire and shape of his yital organs, to his digestive pro- 
cesses, to bis excretory pattern, and to hU nutritional needs. 
Much of the malfunctioning of the bodies and minds of men in 
physical and mental distress can he accounted for in some ab- 
normality of their chemistry'. Some highly effective chemical 
remedies, including vitamins, mineral salts, and hormones, 
have effected cures of what were fonnerly believed to be incur- 
able maladies in man. Nevertheless, there is an average nu- 
tritional need around which all the indispensable units of the 
diet, including the mineral nutrients — ^whether from the soil or 
from a mixed mineral salt— can be organized for the general 
welfare of tlie people as a whole. 

Any troubles with mineral and amino-acid deficiencies in 
man arising from inadequate supplies or imbalances in the 
mineral nutrients in the soil of the area from which most of his 
food is obtained can readily be remedied. This calls for careful 
selection from among the foods groivn within hts area, supple- 
mental purdiases of foods from other areas, and consideration 
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of needs for supplemental minerals as a part of the salt con- 
sumed. Most of the nutritional disorders of man are related to 
poor choice from among the many foods, both those of plant 
and animal origin. In some of the more densely populated parts 
of the world, however, the range in choice is often entirely too 
limited to meet requirements. 

Infancy is a highly important period in the development of 
the human body. This applies particularly to tliat part of in- 
fancy that occurs before the child is bom; the mother needs to 
have an adequate and well-balanced diet of minerals, proteins, 
and vitamins, as well as the necessary carbohydrates and fats. 
Tliis continues to apply to the child after he is bom, and par- 
ticularly up to llie time when he can be expected to exercise 
some intelligence of his own in the choice of foods. Children 
are often permitted to consume too-Iarge amounts of high>ca^ 
bohydrate candies, cookies, ice creams, and soft drinks at the 
expense of high-mineral and high-protein foods. And people 
in old age tend to eat too much of the foods and drinks that are 
easy to come by, such as bread and cakes and coffee and tea. 

There is safety against mineral and protein deficiencies in 
tlie drinking of milk and the eating of edible products of ani- 
mals. And, in a country like the United States, an animal econ- 
omy is essential to the agriculluml well-being of the nation. It 
provides a means of regulajing food-crop surpluses, consump- 
tion of animal products going up and do^vn in relation to the 
supplies of grain available for animal feeds. 

Where food is scarce, asin lire densely populated parts of the 
world, there is no economy in feeding grains to livestock and 
then consuming the meat and milk. At least 80 per cent of the 
energy value of grains is lost by feeding them to dairy cows and 
over W per cent by feeding them to beef cattle, and the efficien- 
cy of transforming plant proteins into animal proteins is only 
a little greater than this. 
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Tn proportion as people find it necessary to eat grains and 
other edible plant prodncts as such, rather than in the form of 
animal products, extra precautions must be taken to see that the 
tnmeral, aroino-acid, and vitamin values measore up to 
the requirements. This problem is a particularly difficult one 
to solve in the densely populated parts of the tropics. The leth- 
argy common to the people of such regions may be due largely 
to deficiencies of this type, and this, even though they are liv- 
ing in the midst of many possibilities for abundant production 
of foods of the quality required. 

De Castro says: “The so-called inferior races turn out to be 
starved races. Properly nourished diey arc in all respects equal 
to the uxjuld-be superior races. . . . Not only by acting on his 
body-^legradlng him in size, withering his flesh, gnawingat his 
■riscera, and opening wounds in his skin— does hunger destroy 
the human being. It also acts on Iiis spirit, on bis mental struc- 
ture, and on his social conduct” De Castro applies the term 
*‘buffiaQ ponies” to the Asian peoples, saying that their hei^t 
and weight have been lowered by chronic malnutrition. 'When 
these smaller races ore fed mineral- and protein-rich meat 
eggs, and milk, they soon grow in size and weight. 

The agricultural lime and fertilizer industries have come to 
man’s aid in this connection, providing a means by whidi the 
nitrogen and mineral supplies of soils can he replenished. And 
if such soil amendments are so formulated as to supply, hy way 
of the soil, all die needs of the belter Ij^pes of crop plants, the 
amino-acid and most of the mineral and vitamin requirements 
of man can be met. This applies to the tropics as well as to the 
temperate zones. 

Fortunately, die body of man has considerable capacity to 
hold on to the mineral nutrients in deficiency and to excrete 
those supplied in excess. What are known as “homeostatic 
mechanisms” protect him, in part, against the poverty of the 
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sod on which his food was grown and against his oivn errors in 
the choice of foods But man is subject to a lot of ills along the 
way that might well he warded off by paying more attention to 
his choice of foods and by assistance from those producing the 
foods he eats 

One cannot help but wonder about people who have lived 
much longer lives than those normally allotted to man Thou 
sands of people are known to have lived to be more than 100 
years old A fewhardy souls have survived ivell into the second 
century Bogomoletz, ivho spent a hieUme studying old age in 
man, tells of t^vo old Russians who lived together to be 185 
One old gentleman and his wife were said to have “dwelt to 
gether in connubial bliss for 147 years,” dying at the ages of 
172 and 164, respectively 

Christian Drakenburg is one of the famous old men of his 
tory He was bom m Denmark, spent most of his life as a ro 
mantle sailor, and died m 1772 at the age of 146 The most 
widely known of the world^s old men is Thomas Parr whose 
body was buried beneath the floor of Westminster Abbey on 
November 15, 1635 The stone slab covering his grave records 
that he lived through the reigns of ten princes and died at the 
age of 152 

How did it happen that these men lived so long’ Or, if these 
cases cannot be fully authenticated, what about the many other 
people wlio are knoim to Have lived well beyond the century 
mark^ Was this longevity due to the nature of the soil on which 
they got their start and from which their foods came’ Was it 
due to fortunate choices in the foods they ale’ Did they have 
especially good digestive and a«similalive systems? Did they 
}ia>e some inborn resistance to disease’ Or does the explanation 
lie m tlic old ages genes in their ancestry’ 

Among the mo«t illuminating studies of man In relation to 
his diet IS that reported by Price He traveled extensively 
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among primitive peoples in widely distributed parts of ibe 
eattli. His interest lay primarily lo dieir teeth and in the forma- 
tion of their ja^v•s in relation to the food that \¥as eaten. The one 
outstanding fact that developed in these studies was the dis- 
astrous effects that resulted when factory-processed foods ^v’ere 
suhsrihiled looeitensivelyforthe cruder types of plant and ani- 
mal products naturally available in their home communities. 

One cannot help but wonder about Nebuebadnez2ar. “He 
was driven from men and did eat grass as oxen, and his body 
Was wet witli the dew of heaven, 'tU his hairs were groum like 
eagles’ feathers and his nails like birds’ claws.” 
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The moldboard plow has been shoan to be the villain of the world's 
agricultural drama. 

— SDWAUi B. FAuiKKER w Plouman's F oUj 


Chapter Twelve 

TllE MAN WITH THE PLOW 


1 1? g 

WHEN the first European settlers arrived in America, the 
largerpart of vrhat is now the forty-eight mainland slates of the 
United States of America was covert with a dense growth of 
trees and grass. The roots of these perennial plants sewed the 
soil to Earth as firmly as any needle and thread ever attached 
a patch to the seat of a boy*B pants. 

Here and there open spaces among the trees had been taken 
over hy the Indians and planted in com and other food crops. 
Ollier areas of forest land had been burned over to bring in the 
grass and entice the deer. But most of the forest land had been 
left to nature. Giant trees grew up, died, and fell back on the 
soil. Farther west, where some 60 million buffaloes roamed the 
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Tlie crops that the Indians had long gro>vn soon became 
highly popular with the pioneeis. These included com, pota* 
toes, tobacco, yams, snap beans, and tomatoes, all native to the 
Americas. Even the cotton, whlA soon came to be the dominant 
crop in the South, was new to the pioneers, although European 
armies had seen this crop when they invaded Egypt and the 
Near East. 

The peculiarity about all these crops was that tlie land on 
which they Avere to be grown was not only plowed and worked 
in preparation for them, but the crops were planted in widely 
spaced rows, with cultivation between the rows during the early 
part of the growing season. Fanners soon began to take great 
pleasure in planting large fields of lliese new crops in long 
straight rows, no matter where the rows led. They took special 
pride in the straightness of the furrows that were made by the 
moldboard plows in preparation for planting. And the straight 
plant rows Avent up and doAvn hill instead of across the slope as 
well. With each successive heavy rain larger amOAmU of top* 
soil flowed doAA-n the slopes, along the drainage channeb, into 
the rivets, and out to sea. 

It was not long until gullies began to form. Small at first, they 
began to enlarge, growing ever Jonger, deeper, and wider im- 
til machinery could no longer be pulled across them. More and 
more of the land had to be farm^ in smaller fields that often 
became mere patches, with deep gullies in between. 

Even where the land was relatively level, iieavy doAvnpours 
began carrying away large amounts of soil by sheet erosion. 
This was readily apparent after each heavy rainstorm when 
small pebbles were left standing on slim pedestals of soil that 
had Iwen protected by them against the eroding action of the 
raindrops. But few farmers appeared to notice what was hap- 
pening in these level fields, altliough the muddy water that 
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flowed across the land and down the streams must certainly 
have caused them some coacem. 

Unfortunately, the climate of the United States is one of ex- 
tremes in rainfall, temperature, wind, and drouth. The total 
annual rainfall— including the enow, which is calculated to 
ram — in the region east of the Mississippi averages bertveei 
thirty-live and sixty indies or more a year from area to area. 
Westward die rainfall drops to thirty, twenty-five, twenty, and 
fifteen inches a year, and then becomes still lower toward the 
Great American Desert, where it is virtually nil- But whether 
the rainfall is high or low, h tends to come in heavy downpours, 
often wdth hi^ iriods. And drouths of varjung lengths, from 
Vi'ceks and months to years, occur between these heavy rains. 

Oar European ancestors bad not been accustomed to farm- 
ing under conditions of stonus, floods, high winds, and drouths. 
The rainfall of the British fsles and central Europe, from which 
titey mostly came, is one of gentle showers that do relatively 
little damage to the soil, particularly under the cropping sys. 
terns that are largely being employed. The rainfall around Lon- 
don, Paris, and Berlin is about rtventy-fire inches a year. Jt 
conies 50 gently and b so well-distributed over the season that 
it is comparahle in crop effect to that of our New England 
Stales, where the temperatures are much the same but the rain- 
fall, in larger doses, b from forty to forty-five inches annually. 
The twenly-five-inch annual rainfall area in the United States, 
extending from the central partof the Dakotas southward across 
western Oklahoma and Texas to the Uio Grande Vallej*, b a 
relatively drouthy area, the center of the dust bowl. 

It took quite a long while for Uie early settlers and their de^ 
scendants to realire the serious toll the rain and irind were tak- 
ing on the soil tliat ivas being plowed and planted to these new 
American clean-cultivated wide-rowed crops. Tisis was due in 
large part to the ahimdance of new land to be had farther west 
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wben the productivity and farniability of the older land in tlie 
eastern part of the country had dropped well below what it had 
been originally. 

But tliose who remained to continue farming tlxis older land 
gradually became aware that a lot of good topsoil, and mucli 
of the manure, lime, and fertilizer that were being applied to it, 
was being carried away by the rain. Unproductive subsoil was 
coming to the surface to take its place. In many cases land so 
eroded had to be abandoned. When this happened, weeds took 
over, and the weeds were gradually replaced by grass, briars, 
shrubs, and trees, in fairly rapid succession. This was nature s’ 
way of healing the wounds inflicted by man, reclaiming tlie bare 
land, and gradually renewing its productive capacity. 

Ultimately, the trees grew into usable timber, which again 
became a primary source of income. In Virginia and otiicr 
states of the South the com rows of old plantations can often he 
found running straight through second.growth forests. Once this 
new growth of timber is harvested, some of the land is again be* 
ing returned to fanning, but under improved methods of ero* 
eion control. 

In the drier regions of the Great Plains, sod that never should 
have been broken was pul to the plow in preparation for wheat 
production, particularly during the necessary expansion re- 
quired by World War I. This wheal land, when later abandoned 
Lecauseof widespread drouth, low productivity, and low groin 
prices, was diflicult to deal willi. The rainfall was usually in- 
sufiicienl to permit quick establishment of a new grass cover 
beliveen drouths. As a result, large acreages of tliis land became 
subject to troublesome dust storms that picked up large ton- 
nages of soil and carried it eastward across the country. 

Such dust storms have been repeated over much of this re- 
gion after each successive drouth. Severe droutlis have oc- 
curred about every thirty-five years, witli lesser ones in between. 
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Trouble wilh blowing sand and soil will coniiniie uniil such 
time as virtually tlie entire area is again covered with sod and 
overgrazing witli beef cattle and sbeep is brought under con- 
trol. In the Mediterranean countries and the Near East, goats 
have added greatly to the problems involved in dealing with 
semiarid lands. Trees, shrubs, weeds, and grass are eaten doViTi 
to the ground, and little vegetation remains to protect the soil. 
It might be ivell to remember that Mohair goats have gotten 
well-established in southwest Texas, ^dth another half-million 
scattered about over olber parts of the southwest. In time of 
droutli, they leave nothing but the thorns of llie broad-leaved 
cactus and the stripped branches of tlic mesquite trees. 

Loss of topsoil, whether by wind or water, is bad for llie land, 
bad for the people u-ho live on it, bad for the nearby fotvHs and 
cities, bad for the states in which it occurs, and bad for the na- 
tion as a whole. One of the most troublesome off-ihe-land prob- 
lems that arises in this connection is the damage that results to 
downstream reservoirs of impounded water being stored for 
city use or for irrigation purposes. Many such reservoirs are be- 
ing rapidly filled with soil, the average rate of loss of storage 
capacity being from 2 to 3 per cent a year. Lake Mead, behind 
the highly expensive Hoover Dam on the Colorado River, is be- 
ing filled ivith silt, its life being estimated at less than 150 years. 

Experience with these problems ba? led to llie conclusion that 
no such impoundments of water should be attempted until 
adequate conservation measures have been applied to the land 
in the watersheds that drain into them. This calls for a variety 
of measures of which some will apply to one area and others to 
another. But enough is now known about the solution of these 
problems that dependable recommendations can be made by 
those employed in such work. 

Tremendous tonnages of good soil go downstream during 
every flood. And no matter how well-laid the plans to bring 
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floods under control, an occasional one gets beyond bounds, do- 
ing tremendous damage. In 1950, for example, the floods as- 
sociated willi hurricane Diane caused an estimated 1,675 mil- 
lion dollars of damage to land and property in southern New 
England. The United States as a whole has to deal with an aver- 
age daily runoil of 1,250 billion gallons of water, with large 
ups and downs in flow from time to time and place to place. 

Much of the soil lliat is carried downstream is spread out on 
top of other good soil in the flooded areas. But large quantities 
are carried farther downstream to form troublesome deposits 
in river beds at the points where they empty into larger rivers 
or into the gulfs and bays. Heavy expenditures are required 
annually to free river channels of such deposits so tliat vessels 
can continue to navigate them. 

Something similar to what happened to the soil of the United 
States was also happening to its forests and ^vildllfe. Conse- 
quently, a number of groups of people, representing various 
interests, were organized to deal with tJie many problems in- 
volved. Over forty regional and national associations of this 
type are now joined into the National Resources Council of 
America, with headquarters in Washington, D. C. 

Conservation, as vieived by the groups represented by this 
council, has to do with the preservation for improved use of all 
our renewable natural resources. Including not only soil and 
water but forests, grasslands, field crops, livestock, wildlife, 
fish, and recreational areas. All these resources are capable of 
being made available in ever greater abundance in perpetuity. 
In this respect they difler fundamentally from the nonrenew- 
able coal, petroleum, natural gas, and ore resources. 

The primary purpose of the several groups of conservation- 
ists is to devise ways and means by which ivasle of tlie renew- 
able natural resources Uiey represent can be reduced to a mini- 
mum. Having done this, tlie next task is that of getting conser- 
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when proper consideration is given to soil and water conserva- 
tion measures. These classes are based primarily on topogra- 
phy, deptli of soil, and water relationships. In general, the to- 
pography of these four classes of land is level, gently rolling, 
moderately sloping, and strongly sloping, respectively. 

Class V land includes that of limit^ agricultural usefulness 
because of such unfavorable factors as stoniness, shallowness, 
dryness, or wetness. Classes VI, VII, and VIII lands include, in 
general, that located on sleep, very steep, and mountainous 
topography, respectively. Most of the land in these last three 
classes is suitable only for graiing, forestry, wildlife, or* 
mining. Some of it is essentially waste, with little chance of its 
being brought into use for any purpose except recreation in tlie 
foreseeable future. 

Land-use maps, colored in conformity with the several 
classes of soil and their conservation needs, are now being pro- 
vided for those concerned in one manner or another with spe- 
cific pieces of land. Green areas on such maps indicate land 
that can be used for cropping purposes with little likelihood of 
serious loss of soil by erosion, assuming it is reasonably well- 
managed. Yellow areas include land on which caution must be 
employed. Red is used for land that is subject to serious losses 
of soil by wind and water erosion under cultivation operations 
and on which specific precautionary measures must be taken. 
And purple indicates land that should be devoted primarily to 
grass and forests, with possibly occasional use for growing 
small grains and cultivated crops under suitable controls. 

Thousands of farmers have come to realize the necessity of 
adopting strict conservation measures to control wind and wa- 
ter and to save the soil, A great deal of sleep land has been taken 
out of crop production and put into permanent grass or trees. 
Large areas of what was once wheat land in the drier parts of 
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these plants break llie fall of raindrops, the water flowing 
down their stems to the soil. Bat there is a great need for mil- 
lions of acres of com, potatoes, cotton, and such other wde- 
rowed cultivated crops as tomatoes and vegetables. As a rule, 
these crops come into maturity in the fall, and special precau- 
tions must be taken to get the land covered with some close- 
growing crop, such as wheal, rye, or some winter legume, of 
which vetch in the North and crimson clover in the South are 
excellent examples. Failing this, the hope lies in having a suffi- 
cient quantity of crop wastes, su«di as straw, com stalks, or other 
refuse left on the land to protect it against atmospheric factors. 

A great deal of attention is being given to developing im- 
proved means of making better use of crop wastes as a means 
of protecting the soil. These are left lying on top the land during 
the winter, as witli com stalks, or they are partly worked into 
the soil, as with wheat straw, in preparation for reseeding. Back 
of these practices is the idea of doing away with the moldboard 
plow, which turns a furrow, buries the sod or other crop refuse 
in tlie bottom, and leaves nothing but clean soil exposed on the 
surface. To leave the trash on top, use can be made of the small- 
disk type cultivators or the tool-bar cultivators which consist of 
narrow blades that extend down into the soil for the purpose of 
breaking it up. The duckfoot cultivator, which carries wide 
blades that spread out horizontally and are pulled throu^ the 
soil three or four inches below Uie surface is widely used in 
Nebraska and nearby states. 

The trash system works best in the drier parts of the country 
and on the sandier soils. It is widely used on the com and wheat 
lands in Kansas and other states in that area and on the cotton 
and soybean lands on the coastal plains of the CaroUnas. It is 
not so satisfactory in the nordieaslem quarter of the United 
States, where the trash delays the drying-out of the soil in the 
spring and interferes with the planting of crops. 
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On ihe steeper slopes strip cropping is an excellent proce- 
dure. This calls for groiv'ing allemaie strips of a wide-rowed 
cultivated crop like com, a closer-rowed uncultivated crop like 
wheat, and a sod crop like grass and clover, all planted on the 
contour. On looking at the side of such a slope one sees long, 
relatively narrow strips of various colors, each a different crop, 
Where the cultivated crop is this year, the small-grain crop u'ill 
he next year and Uie grass-clover crop the third year. ^Tien 
plo^mg the land on sudi slopes, llie furrow is generally t]iro\m 
uphill. In central Europe any soil that accumulates at tlie bot- 
tom of $uch a slope during the summer is often hauled back up 
to the top of the slope later in the year. 

The saving of soil and water is the starting point and the most 
important step in conservation of the renmvable natural re- 
sources of the nation. This applies whellier one is thinking of 
tlie land itself, the plants that ore growing on it, or Ute living 
things that depend on the produce of the land. It applies whether 
the end point of the effort is livestock, wildlife, fish, or mao. 

But many wasteful practices other than those relating to 
needless loss of soil and unnecessary runoff of tvater must be 
brought under control. The native grasses of America, tlie na- 
tive wildlife on ivhich the Indians placed much of tlielr depend- 
ence for food, and the native forests that grew in sucli abun- 
dance in the humid parts of the continent merit much more 
study toward iroprorement by selection and breeding. And 
although outside the scope of this book, a great deal more at- 
tention needs to he given to the prevention of needless waste of 
nonreneivable natural resources. Tliisis particularly important 
in connection with the conservation of our phosphate rock de- 
posits. The late Richard VanHise, fomer president of the Uni- 
versity of Wisconsin, a geologist and pioneer in conservation, 
considered these deposits to be the most important of all our 
nonrcnewable natural resources and die ones in greatest need 
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of conservation. The reason for his particular concern with the 
phosphate rock deposits lay in their importance for replacing 
the phosphorus that is lost from tlie soil in drainage waters and 
liarvesled crops, its final repository being either the buried 
bones of man or tlie bottom of the sea. 

One of the most important happenings in soil and water con- 
servation in the United Stales was the development of the con- 
cept of organizing the country into soil conservation districts 
operating under state control. SucJi districts offer real oppor- 
tunity for commimily effort and accomplishment. Some 
three tliousand of them now cover the major part of the nation’s 
land resources, each being governed by a board of from three 
to five farmers who have been selected by their neighbors for 
their capacity for constructive leadership. These men are in 
position to render highly important services to their districts, 
and many of them do. 

A soil conservation district may be a small valley, a large 
watershed, a county, or several counties joined together. The 
district supervisors promote conservation practices among 
their neighbors by setting good examples. They bring the peo- 
ple togetiier from time to time to consider the larger aspects of 
the district's problems dial cannot be dealt with individually. 
Tiiey enlist the aid of technicians of the Soil Conservation 
Service and of those of all the other federal, state, county 
and local agencies that can lend a hand in getting conservation 
on the land. They endeavor to govern their districts by persua- 
sion rather than compulsion. 

Sometimes group interest may be primarily in contour 
farming or strip cropping or in terracing the land. It may Iw 
in developing sodded waterways or in the construction of 
ponds or larger reservoirs. It may bo in building flood pre- 
vention dams in the upper reaches of their watershed, or in 
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terior of Asia Minor can be explained by the wars tbai have 
raged through this region. But the fundamental cause of the 
poverty of the agriculture of ihb region lies in the destruction 
of the forests, the cultivation of sleep lands, the overgrazing 
of pasturelands by sheep and goats, and tlie resulting erosion 
of the soil that was permitted to occur. The soil from the hill 
lands was eroded down into the valleys where it covered up 
good soil in humid regions and filled the canals with sediment 
in the irrigated arid areas. 

Under such circumstances the farmers have remained pov* 
erty-slricken peasants. Tliey have neither the understanding 
of the problem nor the necessary funds with which to under* 
take the very costly conservation measures that are needed to 
bring die badly eroded land back to its original state of pro* 
ductivily as a starting point for the further improvements 
required to support the ever growing populations. 

Some of the best examples of conservation of renewable 
natural resources are found in central and western Europe. 
There the land is relatively level, rainfall comes in frequent 
light showers, and the possibilities of wind and water erosion 
are much less than they are in many other parts of die world. 
But a primary reason for die excellent state of conservation of 
diese European lands is found in the love of the people for 
die soil on which they lire and the intelligence Uiat is applied 
to its use in food and forest production. The relatively dense 
populations and high living standards of these countries do 
not permit waste of renewable natural resources. Grass and 
trees are systematically grown and harvested on the steeper 
land that is not suitable for crop production. Where crops are 
grown, the land is so carefully husbanded that very little of 
the soil is left bare. 

Returning to the United Slates, the most promising feature 
of tiie conservation movement is that the men who are em* 
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porlant piece of national legislation wilh respect to tlie con- 
servation of land resources the world has ever known. Tlie 
aim of the Soil Conservation Service, and of all the other con- 
servation agencies, is not only to stop soil erosion, to control 
floods, to protect wildlife, to improve forests, and to beautify 
tiie country, but to develop a liig^ sense of appreciation of 
responsibility for the soil and for all our otlier renewable nat- 
ural resources. The hope is that when the young people of 
today have become the leaders of thought and action tomor- 
row, they will do a still better job of conserving these resources 
than their fatliers have done. 
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f>ature paints the best part of the picture, eerxes the best part cf the 
statue, builds the best part of the house, and speahs the best part of the 
eraiion. 

— SHIPS STALDO EMBISO’* 


Cftapler Thirteen 

THE COUNTRY BEAUTIFUL 



DID you ever stand beneath the bouglis of a mighty oak, a 
tall pine, or a ih<JUsand-year*old sequoia tree in a virgin for- 
est far removed from the haunts of man? Did you ever drive 
leisurely across a wide expanse of anploived prairies or plain 
with a team of horses attached to your wagon? If so, you can 
visnalxre at least in part what a aagniBceat and spacious 
Indian paradise this land of ours must once have been. 

Tliis is still a magnificent coontrj’, even though in tlieir 
haste to conquer it our forefathers did a considerable amount 
of almost irreparable damage to some of our renewable nat- 
ural resources and even thou^ they were often careless in 
the exploitation of the non renewable types. In a relatively 
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short period of time the settlers of this fabulously rich coun- 
try cut doivn millions of forest trees and plowed up millions 
of acres of grass, with much unnecessary waste of timber, sod, 
and soil and tvith little thought of flieir conservation for con- 
tinued use. 

But there are compensations. Large areas of land that were 
once covered with forest and grass are now being devoted to 
the production of crops of equally attractive appearance and 
certainly of much greater usefulness to the more than 180 
million people who now live on the mainland of the United 
States of America. The many millions of acres of well-tended 
com and soybeans of the central states, of cotton and peanuts 
in the South, and of wheat and oats to the west and elsewhere 
have as great an eye appeal and certainly much higher food 
value than tlie native forests and grasslands they replaced. 

It is difBcult to imagine anything more rewarding to the 
eye of the country-minded man than grains, tobacco, sugar 
beets, potatoes, and vegetables when gro^vn to a high state of 
productivity by the farmers who know how to do it. Tlie large 
fields of ladino, ted, alsike, white, and crimson clovers that 
abound in full bloom in their season are there for everyone 
to enjoy. The wide expanses of alfalfa, with their purple blos- 
soms, and the somewhat smaller acreages of sweet clover, 
with their more noticeable while and yellow blossoms, attract 
the eye. And a few of nature’s original offerings compare with 
the many acres of apple and cherry ordiards of the North, 
with their pink blossoms and dark red fruits, or the citrus 
groves of the South, with their dark-green foliage and golden 
yellow oranges. 

Much of tlie exploitation of our natural resources was 
necessary in meeling the ever enlarging needs of a rapidly 
growing population. But a large part of the damage that was 
done to the virgin beauty of flie landscape, to the land itself, 
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and to the vdldlife that abounded could readily have been 
avoided if adequate plana for their conservation could first 
have been developed and put into operation. It is quite sur- 
prising tliat such disastrous disturbances to nature could have 
occurred at the hands of the conservation-minded European 
pioneers who came from countries where land was cherbhed 
and people were painfully aware of the great importance of 
keeping the soil in a high state of productivity and the forest 
in good repair. 

The United States is a young «)unlry, its first permanent 
English settlement having been established at Jamesto>»Ti, Vir- 
ginia, in 1607. Its vast land area was overrun in a hurry, and 
habits of >vaste and etlravagance soon were developed because 
of the wealth of natural resources at the pioneers’ disposal. 
Much is now being done to arouse public interest in the neces- 
sity for conserving our renewable natural resources in keep- 
ing with the ever greater demands that are being made on 
them, and many people are highly responsive to such appeals. 
Yet there is great need to develop much wider recognition of 
our obligation to keep this a permanently beautiful as well as 
productive country. And there b still greater need for specific 
suggestions how this can best be accomplislied. 

Cutting down tlie original forest trees and breaking up tlie 
native grass sods were not necessarily crimes against nature. 
Everytldng depended on the purposes for urhich these actions 
were being done and tlie care that was exercised in doing them- 
And, given an opportunity, nature is capable of repairing 
much of the damage. Unless the land is to be used for factory, 
business, housing, or highway purposes, trees, grass, and other 
equally useful and beautiful vegetation can be made to groiv 
again. And much can be done even with the grounds around 
industrial plants to make them more attractive to the passers- 
by and more satisfying to those who work there. 
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The belter-watered regions of the United States were origin- 
ally covered ^vilh such deciduous trees as oak, hickory, maple, 
elm, sycamore, and poplar, or with such evergreens as pine, 
hemlock, spruce, and fir. On the more rolling to mountainous 
lands tlie descendants of tliese original trees still abound and 
aie being permitted to reseed themselves. But much more care 
is now being used in the maintenance of tree stands. Forest 
fires, such as the one that destroyed forty tliousand acres of 
timber near San Diego, California, in 1956, are being more 
quickly brought under control, or entirely prevented. And 
more and more of the native trees are being systematically 
replaced wth improved species, as well as being managed 
under controlled harvesting procedures. 

Once tlie forests of the humid regions were cut down and 
tlie sods of the prairies and plains were turned with the plow, 
the soil was exposed to the dements as it had never been be- 
fore. This being a country of violent windstorms and heavy 
downpours of rain, tlie United States soon had many badly 
eroded hillsides, great gullies across once level fields, moving 
sands along the sliores of lakes and seas, and disastrous dust 
storms in die dry interior. Some of the by-products of such 
erosive action were ugliness o! the landscape, impoverished 
people, and country slums. 

Tlie problems involved in conserving all die land that must 
be plowed and planted in food and fiber crops are quite com- 
plex in comparison with tliose involved in protecting forest 
lands and adding to diem. Forest trees, like grass, automat- 
ically protect die soil against erosion by water and wind. But 
in growing field corps farmers ate faced widi die necessity 
of protecting bare soil against these erosive forces. Once die 
close-rowed small grains or the closely seeded grasses and 
legumes get established, their root systems bold the soil in 
place. Yet the problem persists until such time as diis has been 


202 



The Cocstkt BEAunFui. 

effected, and it continues throu^jout tie gromng season for 
crops like com and cotton that are planted in rows several 
feet apart wth cultivation in between. 

The starting point in the conservation of natural beaut)' is 
the soil itself. Bare soil is a blot on the landscape. Given an 
opportunity, nature hastens to cover its bareness, first tvith 
weeds, then with grass and shrubs, and, under conditions of 
adequate moisture, with tall trees. But in semiarid and arid 
regions, or where the fertile topsoil has been eroded off the 
land and subsoil is now on the surface, the rate of renewal of 
the vegetative cover may be eitreniely slow. And if wind and 
'vater are permitted to carry on their erosive actions, it may 
not be possible to develop a new cover tvjthout man's assistance. 

Yet there are much larger and more disturbing aspects to 
the problem than tiiese. People are greatly influenced by their 
surroundings. If (hey are careless about the land on which 
they live they tend to become even more careless about them* 
selves. Ignorance, Immorality, and crime tend to grow and 
thrive in areas where the natural beauty of (he surroundings 
has been destroyed; this applies to country and city alike. 
When attention is given to correcting such conditions, the peo- 
ple living in these areas and participating in tlieir renovation 
tend to take on greatly improved attitudes as irelL 

Under the very bad ctmditions that were permitted to de- 
velop on the land in many parts of this country following the 
exploitation of the renewable natural resources wthout regard 
to the employment of preventive and restorative measures, 
nature herself was impoverished. In many areas the rich top- 
soil largely disappeared, the subsoil came to the surface, the 
supplies of nitrogen and readily available mineral nutrients 
were exliausted, and the soil became inhospitable to plants. 
The natural recovery processes were then loo slow to meet 
requirements. 
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\niere such conditions haw prevailed it becomes necessarj’ 
to do something constructive to speed up vegetative gro^\-th and 
gel the bare land covered as quiddf as possible. Applications 
o{ manures, liming materials, and fertilizers help, but the im* 
poverished farmer on the land may not be able to provide them. 
Fortunately, some of the legumes, which are able to collect the 
nitrogen tliey need from the atmosphere through lire aid of 
tlie bacteria in the nodules on their roots, can often get under 
way on impowrished soils. Sweet clover, birdsfoot trefoil, and 
hair)' retell are such crops in the North, whereas lespedeza, 
kudzu, and lupines arc able to grow and thrive on relatively 
poor soils in tlie South. Locust trees, also legumes, are equally 
useful for such purposes. Nursery-grown improved species of 
other trees can be planted to full stands in cut-over forest lands, 
instead of waiting for nature* $ slower and less dependable re- 
seeding methods. Range lands can be seeded with improved 
strains of grasses that are more sturdy and have greater re- 
sistance to drouth, and if these grasses can he lightly fertilized 
and protected against overgrazing, they may soon he able to 
get under iray to full stands. 

One of the most constructive measures undertaken to dale 
in an effort to protect soil against further erosion is that of 
mapping the land resources in accordance with their useopa- 
bilitjcs. Once such a map has been made of any giwn fann, 
the o>i-ner and operator have a dependable basis for deciding 
how much of the land can safely be put in harvested crops. .\nd 
the map also gives them an indication of the precautions that 
must be taken in dealing with the soil in preparation for plant- 
ing crops and in growing them to malurit)'. It furtlier indicates 
the areas that can best be devoted to some t)'pe of permanent 
but still profitable cover, such as grass or trees. 

Oiir present concepts of private oimersbip of land do not 
permit controlling destnirtjve actions of an oymer or operator. 
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With change in management arising from the death of the 
owner or from sale of the land, the educational process often 
has to be started all over again. Thus conservation problems 
and preventive measures must be dealt widi in perpetuity. The 
hope lies in the gradual development of a tradition of conserva- 
tion of belli beauty and productiveness that will be so \vell- 
grounded as not to permit further misuse of the land in a 
community. 

Usually tlie people wbo remain in areas where widespread 
misuse of renewable natural resources has been permitted to 
occur are financially unable to undertake restorative measures, 
even if they are so inclined. Local, state, or federal purchases 
o! such land for reforestation provide otic answer in humid 
regions; much of iliis has been done, notably in Uie state of 
New York. Tle-establlshmenl of a good cover of improved 
grasses at public expense, foltow'ed by controlled grazing, is 
virtually the only remedy for tlie bad stale of much of the land 
being returned to pasture in the dust bovvl oi the Great Plains. 

Tlie federal government, the several states, and many com- 
munities hare undertaken large- and small-scale conservation 
programs of various kinds. TIic most comprehensive of such 
programs is that of the Tennessee Valle)’ Authority, established 
in 1933, with its twenty-nine large dams for water control and 
power development. Tliis project has bad a rejuvenating effecl 
on a large part of that stale and on the hilly to mountainous 
areas in nciglihoring slates. Texos has established tlie Brazos 
River Autliority, willi a six-dam program and the building of 
a chain of lakes 250 miles long. Ohio has similar authorities 
for flood control, starting with Uie one that began its undcr- 
laVmgs immediately after die devastating Rood in the Miami 
Valley in 1913, and followed by anollicr In the ^^ugki^gum 
Valley at Zanesville a few years later. The Stony Brook project 
at Princeton, New Jersey, is an excellent example of what a 
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accustomed to ugliness he tends to accept it without further 
thought, losing interest in doing anything to improve the sit- 
uation. In fact, he is quite likely to reach a state of mind in 
which he is no longer aware of the existence of such conditions, 
passing hy them daily without any concern whatsoever. 

No matter how beautiful, well-kept, and productive forests, 
grasslands, and croplands may be or how satisfying the many 
well-cared-for gardens, lawns, and recreational parks, these 
alone may not suHice for meeting the needs of the man whose 
daily task takes him to an unattractive location. All men must 
live and work, but many of them find themselves spending day 
after day, month a iter month, and year after year in surround- 
ings that arc far removed from nature’s touch. One is often 
impressed by the amount of loving care that is being given 
to a lonely potted plant in a window of some building located 
in drab surroundings. 

The possibilities for ugliness are far greater in industrial 
centers than they are in the open country. And this ugliness 
may be particularly distressing to the man who was bom out 
in the great open spaces and has a nature-educated eye and 
mind. Two questions arise. IIow can llie lack of attractiveness 
of factoties, business districts, and unsightly housing develop- 
ments be overcome? And how can more of them be prevented 
from coming into being? 

Here tlic trained eye and hand of tlic building and landscape 
architect come into play. Certainly such men are os mucli dis- 
turbed by what they often see being constructed out of wood, 
stone, glass, and metal or by what is being done with the 
grounds roundabout as the soil conservationist is by what he 
secs happening to much of the farming land. Gut neither tlie 
architect nor the conservationist can persuade all of his con- 
stituenU to do all the things that should be done, in the way 
they should be done, and at the time they should be done. 
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Monstrosities of masonry are more likely to stand out as 
unsightly monuments to a lack of understanding of the city 
roan than eroded hillsides and ragged forests are to a Jack of 
appreciation of nature on the part of the land o^vner and fanner. 
Solid but ugly city structures may remain for centuries where 
they were erected. But, given a fair chance, nature has a way 
of overcoming the unsightliness of eroded and mistreated land 
out in the country. Even tlie weeds that spring up on bare spots 
are frequently attractive. Often various kinds of quite beautiful 
vines and shrubs quickly cover eroded areas so effectively tliat 
lliey disappear entirely from \'iew. And grass or trees finally 
lake over. 

Artists are being employed to study Ujc use of paint in spe* 
cial ways in overcoming (he drab appearances of some of the 
oil refineries and other chemical plants. Many factories are 
now being established on spacious grounds some distance fratn 
the city, and particular attention is being paid to landscaping 
the surrounding grounds. Special efforts are made by some 
industries to develop housing areas for their employees in at* 
tractive locations, wih well-planned recreational grounds 
nearby. Highway engineers are taking ever greater pains to 
make the rights of way more scenic to tie motorist, space be- 
tween the two directions of travel being wdened and land- 
scaped and cun'es and dips being developed to avoid tlte mo- 
notony of long distances of travel over straight roads across 
uninteresting flat lands. 

But there are many places where the needed improvements 
are not being made. Included among the distressing sights along 
the highways are the automobile cemeteries, the rat-infested 
city dumps, the dilapidated burial grounds, and the great va- 
riety of unsightly signs and billboards that often litter the land- 
scape along the rights of way. Many of the roadside advertising 
signs are not only ugly in themselves but interfere greatly with 
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the passers-by’s seeing the highly satUiying evidence of na- 
ture’s handiwork. And many people arc so unresponsive to neat- 
ness and cleanliness that they drop litter of every imaginable 
kind along the highways, on city streets, and in other public 
places. Many a farmer has granted permission to some group of 
picnickers to stop at a shady spot on his property, or tliey have 
stopped without his permission, only to find that they departed, 
leaving their refuse scattered about. 

Fortunately, many excellent examples of the conscr\'ation 
of renewable natural resources for continued and improved 
use and examples of the beautification of home grounds and 
business propcilies have been set by people in various svalks 
of life tlic world over. Many millions of acres of carefully 
planted, tended, fire-protected, and regularly han-ested and 
replanted forest are found. This applies particularly to the 
more progressive parts of central and western Europe and 
more recently, in an ever increasing degree, to North America 
as well. Large acreages of what would otherwise be wasteland 
liave been put into recreational and wildlife preserves. Even 
a small country like the Netherlands, with its high-density 
population, finds it possible to set aside considerable areas of 
attractively developed land for use in meeting the outdoor 
needs of its city people. 

Yellowstone National Park is one of a great many excellent 
examples of such dedication of land to meeting tlie needs of 
n.nure-loYing people in the United Slates of America. Large 
acreages of rough and wet land have been set aside in otlicr 
areas as wildlife preserves. And spacious recreational spots 
arc being developed the country over. Tlic fact that tlicsc nat- 
ural preserves of land, trees, grass, shrubbery, rivers, and lakes 
arc l>eing overrun witli people during Uie summer months points 
impressively not only to the interest of tJiesc people in Uie 
beauty and spaciousness of nature but to their desire for 
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recreatiozial opportunities in the open country. It is highly 
important that these needs be recognized and that plans be 
developed on a larger scale for meeting them, before it is too 
late. Alaska has great present and tnucli greater potential value 
in this connection. 

Consen’atlon is a way of life. It starts with man himself. It 
begins anew each day as he lakes bis morning bath, shaves, and 
puts on a clean shirt. It induces him to keep his trousers pressed 
and his shoes sltmed. It requires that he make himself present* 
able to his family and his fellow men. He aims to look and act 
his best. This is conservation of self respect. 

If he oxTis a home, tlie consen'ation-minded man keeps it 
painted and in good repair. He strives for an attractive lawn 
that is free of weeds. He helps his wife in landscaping tlie 
premises and he encourages her with her flowers. He tries to 
put tlie idea of the orderliness and neatness of nature across to 
his diildren. No trash is penuitted to accumulate about his 
property. Leaves and other plant refuse are made into compost 
or carted away. Paper and similar waste is picked up tegu* 
laxly and disposed of. Everylliing is kept neat and clean about 
the premises. This is conservation of home ond family. 

If this man is a farmer, be sees that something is made to 
grow wherever a bare spot appears in an uncultivated field. He 
will not permit development of gullies that grow ever larger 
on his farm. He endeavors to keep the water that flows through 
his land crystal clear as mudi of tlie lime as possible. He plants 
his cultivated crops on the contour, carries off the surplus in 
sodded runways, and sows cover crops to protect his land dur* 
ing the winler months. Hough land is seeded down in grass or 
planted with trees. This is conservation of soil. 

Such a man takes the necessary measures to insure that as 
much as possible of the rain water soaks into the soil where 
it falls. To this end, he leaves die crop refuse on lop die land 
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wherever feasible instead of plowing it under. He constructs 
a pond to store water for emc^encies and to provide a recrea* 
lion center for his family and friends. He participates in the 
activities of his soil conservation district in the building of 
upstream dams for flood prevention and os a means of lessen- 
ing the need for downstream flood control. This is consen’alion 
of water. 

He enjoys the ivooded areas, the rugged terrain on which 
they exist, llie tall trees that tower above the surrounding crop- 
land, and the cleat streams that flow through them. He works 
toward their preservation and improvement. He plants more 
and belter trees, and be protects them against damage by ani- 
mals and fire. Tliis is conservation of forest lands. 

He is interested in wild animals, birds, and fish, and he takes 
an active part in the development of feeding grounds and sanc- 
tuaries to ensure their presence in as great abundance and 
variety as local conditions permit. He encourages his cliildren 
and tliose of his neighbors to study the habits of tliese creatures. 
And he docs not abuse his hunting and flshing privileges. This 
is conservation of wildlife. 

If this man is an industrialist, he insists tliat tlie property 
under his management be made to look as neat and attractive 
as the mature of his enterprise permits. If the property is sit- 
tiate<l within the city, he cleans up Uic grounds and paints tlie 
buildings. If it is locatetl out in the open countr)*, he beautifies 
tlie surroundings and develops an attractive recreation center 
for his employees and ibcir families, building good will among 
lliem and their community. This is conservation of private 
enterprise. 

If die processes in his factory evolve dust and smoke, he 
takes measures to ensure that these are reduced to as low 
levels os possible and prevents release of any toxic fumes wlial- 
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ever. He sees to it that all ihe effluent from his factory is put 
through a purification proc^ before the water is released into 
a stream. He plans Uie surroundings to ensure sunshine and 
clean air for liis emploj-ees. This is conservation of purity of 
the atmosphere. 

If this man is an architect he seeks to do away with unsiglilly 
architecture, dilapidated buildings, automobile cemeteries, 
weeds in places where they don’t belong, and slums, wheilier 
in city or country. He even dierlshes the hope Uiat tlie mon- 
strous marble monuments in cemeteries rrill ultimately be re- 
placed by small flat markers level wiili llie surface of the soil. 
He wants these sacred grounds to be beautiful places where 
children can play and where retired adults will not be de* 
pressed. This is conservation of the human spirit. 

If he is a highway engineer, he sees to it that all erodihle cuts 
are covered wth vines or shrubs or seeded do\vn to grass. He 
thinks in terms of more than hvo winding strips of concrete that 
stretch from one great city lo the next. He seeks for landscaped 
space, beautification of the rigid of way, and control of water 
runoff against possible damage to surrounding lands in times 
of heavy rains. This is conservation of public property. 

If this man is a teacher, whether in the elementary school, 
file hj^ school, the college, tlie university, the pulpit, or the 
theater, he bends Ins energies toward aiding child and man in 
his quest for knowledge and understanding. He endeavors first 
to know himself to the end that be can serve better in the uplift 
of those whom he teaches. This is conservation of the mind. 

If he is engaged in research, he seeks to discover more about 
the universe, the world in which he lives, and all the other 
entities with which man is directly or indirectly concerned. He 
seeks lo know more about the life arotmd him, but he also seeks 
to know more about the physical and spiritual needs of man. 
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He might even consider researdi in terms of suitable means by 
which population growth can be kept under bettor control. 
This is conservation of man himself. 

If soil conservation is this man’s profession, his objective is 
“the promotion and advancement of the science snd art of 
good land use and rnanagement to the end that conservation of 
soil and ivaler and oilier related renewable natural resources — ■ 
cultivated crops, grasslands, forests, livestock, fisbi wildlife, 
and recreational areas — may be used and enjoyed by mankind 
forever.” Such conservation is fundamental to the continued 
welfare of tlie nation. 

Whatever the business or profession of any man, it is always 
possible to apply the principles of conservation to bis line of 
endeavor. And there is abundant opportunity and great ob- 
ligation for him to do something constructive in that direction. 
Observation is not only a way of life, it is a way of thinking. 
And If enough people can be brought to a conservation way of 
thinking, this can be made and kept one of the most attractive 
countries in Uie world. 

Some of the natural attractiveness of die landscape will 
have to be sacrificed with further increase in population. Cut 
in ilsplace,usefulncsswhhbcauty con be added in new forms. 
The great expanses of com, wheat, nnd cotton car> be grown 
to greater perfection, llic greatly Improved grasses And clovers 
can come to be an ever greater Joy to the eye and mind, the 
opple and peach orchards to flic north and the orange and 
pecan groves to the south can be made more attractive and 
fruitful, the forests can be citanged from tlie present indifferent 
species to Oic better and more productive types with systematic 
harvesting and replanting procedures, and wildlife can be 
further developed and better protected. 

There can be many more lieautiful public buildings, witli 
spacious grounds. Park* can be enlarged and bcatilified. Pri- 
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^•ate residences and the yards and gardens surrounding them 
can be made more attractive. And one must not forget the many 
fine breeds of livestock and the many smaller forms of animal 
life that can be raised to bigber degrees of perfection. Finally, 
there are great possibilities for improvement in man himself 
arising out of a greater appreciation of our renewable natural 
resources. 
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The thing that numbs the heart is this 
That man cannot Jetiise 
Some scheme of life to banish fear 
That lurks in most men's eyes. 

Fear of the lack of skelter, food 

And fire for ttinter’s cold 

Fear of the chiUren's laekingtheie. 

This in a tcorld so old. 

— JIMCS HORMA'C HALt. 


C/wptcf rourt«eft 

LAND, FOOD, AND PEOPLE 
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IN Uie light of modem science, Uie capacity of Earlli to meet 
the food needs of man is much greater than most people realize. 
Many millions of acres of presently unused land the vrorld 
over could be brought into crop production. Massive soil-mov- 
ing equipment could be used to dear off llie briars and bushes, 
level rough lands, fill up gullies, dig ditches to drain wet 
lands, and build dams to store water for irrigation purposes. 
Many more millions of acres of arid land could be watered. 
Presently unneeded water in liumid regions could be stored 
for later use during periods of drouth. 

Tlic proiluctivily of most of llieland that is now being farmed 
could l)e greatly increased. Better systems of soil and crop 
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management could be put into operation. JIucIi larger tonnages 
of lime and fertiDzer, from idrtually inexhaustible supplies, 
coiJd be applied to remaihable effect. Iifuch more efficient crop 
plants could be developed by breeding and selection. Mucli 
belter protection could be provided against insect and disease 
attacks. And much more could be done toward the development 
of better machinerj’ to use on llie land. 

Great improvements could probably be effected in rain- 
making operations. Pure water could be obtained in iinlimit^ 
supply from the oceans that surround us when need for it for 
irrigation and other purposes makes this imperative. The plank- 
ton, as >vell as the Esli, in the several seas could be utilized to 
a much greater degree. Algae could be grown in »vater culture 
on a large scale for food production. Much larger acreages of 
sugar crops could be grown and this sugar, together with urea 
and other fertilizers, could be fed to yeast tvitb resulring pro- 
duction of bigh-piotein foods, fn case of need, forest growth 
could be transformed into food by the same procedure. 

There Is no longer any limit to the supply of energy that 
can be developed for use in the production of raw food ma- 
terials and their manufacture into the finished products, as 
well as for meeting the power needs of all our other enterprises. 
Large quantities of coal, oil, and gas are at our disposal, as is 
the energy of falling water and of winds, waves, and tides. Tlie 
rays of the desert sun can be concentrated to supply large 
amoimts of energy. Still larger quantities of energy will soon 
be available as a result of developments in nuclear fission. And 
inexhaustible supplies of energy from nuclear fusion are in 
the offing. With abundant supplies of energy, hopefully at rea- 
sonably low production costs, Uiere is virtually no limit to the 
possibilities of adding to the food supply. 

Some scientists think that we ^all be able in due time to 
s)T5lhesize sugar by factory procedures in much the same man- 
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ner as it is now being done by sngar cane and sugar beets. If 
eudi a process could be made to operate on a factory beltdine 
basis, possibilities would then exist for producing protein 
foods by microbial procedures on a large scale. 

All of these developments will require time and great ex- 
pense will be involved. As tlie late Qiarles F. Kettering of tlie 
General Motors Research Staff once said; “Anything you can 
think of today can be done, but it takes time. , . , Witli willing 
hands and open minds, the future will be greater than tlie most 
fantastic story you can write. You will always underrate it.” 

The clement of lime in relation to meeting the food needs 
of the people in overpopulated countries where widespread 
hunger now prevails presents a troublesome problem. Recently, 
an agricultural scientist in India made an exhaustive study of 
the possihilhies for increasing agricultural production in his 
country. He proposed to divert mucli larger quantities of river 
water into irrigation cltannels, to greatly improve the heritage 
of tlie crops tliat ate being grown, to develop much belter sys- 
tems of soil and crop management, and to make many more 
tons of fertilizer available for use over the next fifty years. 
Tlie calculated gains in food production from tliese suggested 
improvements were very large. 

Rut when this Indian scientist estimated the number of addi- 
tional people that would have to be fed by the end of that period 
at present rates of population growlh, he discovered that less 
food per person would t>e avail.'ible then than now. To him, the 
only way out of this country’s dilemma tvas to lower tlie birth 
rale. As a starting point he suggested that an effort be made 
to spread the concept tliat any woman who gave birth to more 
llian three cliildrcn was an improvident modier. 

Present world popiilaliim is estimated at nearly three billion 
people. Tltis numljcr is expected to Ixi doubled by the end of 
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ihis cenluiy, now less Uian forty years away. The annual rate 
of papulation increase Ujc world over is about 1.6 per cent, 
and it operates on a compound interest basis. Some countri« 
have considerably higlier rales of population increase than 
this. Others, of which Ireland and France are two outstanding 
examples, have lower rates. 

It will be recalled that Malthus, in 1798, said that tlje pri* 
mary controls for population were war, famine, and pestilence. 
He also mentioned moral restraint, but he was of Uie opinion 
that very little dependence could be placed on it. During recent 
years remarkable strides have been made in sanitation and in 
disease prevention. At the moment war is being held in check 
throughout most of tJie world. Thus two of Malthus* population 
controls are not operating to anything like the degree they 
once did. This leaves famine, the third control, as the primary 
one, and it is in operation in a large way in some of the more 
densely populated countries. Millions of people go to bed 
hungry every night. 

Meanwhile the United Stales and Canada are troubled by 
lai^ surpluses of feed and food grains. And both of these large 
countries are far from having reached tbeir full food-produc- 
ingpotentialities. Agricultural economists of the United States 
Department of Agriculture, writing in the 1958 Yearbook, 
said: “If ive took 500 million acres of our best cropland and 
used it as intensively as the Japanese use their cropland, we 
could feed almost 2 billion people — assuming that these acres 
are as productive as the Japanese acres and that ^fe consumed 
cropland products directly rather than as anunal products.” 

This estimate of the federal ea>nomist3 includes a higWy 
important principle — to feed grains to livestock and then to 
consume their meat and milk, as we do to a large degree in 
this country, is a wasteful practice in terms of food economy. 
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0>er four CfQis of llie energy values of grams are lost by feed 
ing tliera to Ineslock, and a like percentage of tliejr protein 
aalues is lost as >\ell 

It IS only m countries •where food supplies are in excess of 
actual need that any such wasteful process as this can be per 
muted And it is quite apparent that if the need e^cr arises, 
the people of the United States can shift quite quickly to a diet 
of much more gram, potatoes, end beans and much ]e«s meat 
and milk, c^cn tliough a great deal of grumbling might be 
heard It would be on this basis that the two billion people 
postulated could be fed on the produce of the acreage indicated 

Yet considerably more tlian SOO million acres of land could 
be made available for cropping in the United States if tliere 
were need for it The total available cropland in tlie United 
States IS now estimated at 4C3 million acres But by clearing, 
draining, leveling, and irrigating more of our land with the 
faeilities now at lund, this acreage could probably be increased 
to at least 700 million Additional land could be brought into 
u*e m due time by adding to die water supply for irrigation 
and by reclaiming large areas from salt marshes and from dio 
ocean along our shores 

Even then, and after all the other industrial and living needs 
for land have been met, there will still be around one billion 
acres of land that is too dry, too rocky, too rough, or too moun 
tamous for developmental purposes except for pastures and 
forestry A large part of Uiis area is now being used for grazing 
cattle and sheep Tliese grasslands will continue to have great 
value in maintaining a reasonably large supply of meat for 
human consumption, even after our population has grown to 
be mucli larger than it now is 

Potcntinlitics for increa«c sn food production are great in 
man) other parts of the world The Amazon River Valley af 
fords an excellent illustration Possibilities for rice production 
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in that vast valley ore tremendous. Certamly one bUUon peo- 
ple could be fed from its rice and other agricultural produce 
once the valley had been developed for ogricullural purposes. 

But a great many people n'ould ha^-e to be pul to work clear- 
ing this tropical jungle, bringing its tremendous supplies of 
water imder control, and making conditions favorable for liv- 
ing; a long period of time would be required to effect these 
improvements. By the time the valley had been fully developed 
for agriculture, industr}', and commerce, the population would 
probably have grown so greatly and the rale of increase would 
have become so rapid that Ktlle of the rice that was being grown 
would be left for erport. 

This is what has been happening in the valley of the Nile 
during the last century and longer. This river flows through a 
desert, its water coming from the rains in tropical Africa much 
farther south in the Sudan. By building dams along the Nile, 
water has been stored for irrigating the desert, thus transform- 
ing it into some of the most fertile land on Earth. But after each 
successive water.storingdam hasbeen built farther up the Nile, 
the number of people in the valley has soon increased to the 
point where ^ the extra food produced by the use of more 
water on more land was being consumed. 

Even if there were large surpluses of rice in the Amaaon and 
Nile river valleys, and if the surplus com and wheal now being 
produced in the United States and (^nada, together with this 
rice, were available for distribution to areas of deficiency, its 
transportation to such areas would not be feasible on any large 
scale, except for an occasional extreme emergency. To do this 
would require shipment from deep in the interiors of the coun- 
tries of plenty to deep in the interiors of countries of scarcity, 
an expensive undertaking, die ousts of which the countries in 
need could not pay. 

The primary difBculty in countries of dense populations. 
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such as ladia and China, vas that they were overrun by dense 
population long before science had come to their rescue. Con- 
ditions were highly favorable for human reproduction. Even 
thou^ the death rate from the war, pestilence, and disease was 
high, growth in population continued. And, within recent years, 
tlie rate of growth has tended to increase. The problems now 
presented are not only those of meeting llie immediate food 
needs ol the people but of overcoming illiteracy, ignorance, 
superstition, ineihciency, and tradition on a grand scale. 

As Joseph Priestly once said; “It is futile to expect a hungry' 
and squalid population to be anything but violent and gross." 
Its problems cannot be solved in a hurry. The economics of 
tlreir solution is troublesome indeed. Under the conditions that 
now exist in sucii countries, a democratic form of government 
may be too slow in its actions, unless a great deal of education- 
al and hnancial assistance from the outside can he brought to 
bear on the situation. 

Fortunately for tlic United States, growtli in population and 
advancement of science have gone hand in hand. Tills nation 
has never known want. Yet some of tlic people in the United 
States have, from time to time and place to place, been poorly 
fed, even between wars when food supplies were in great sur- 
plus. It should be possible to renicdy this situation. But even if 
tlic United Slates were able to distribute its food surpluses to 
the advantage of those in need of them, botli at home and 
abroad, new surpluses would soon be developed. And this is 
quite likely still to apply at the end of the current century. 

Tlicrc will undoubtedly be times, however, when temporary 
shortages of food will develop. These may result from a variety 
of happening*, such as a recurrence of Uic extended periods of 
national drouth that have been experienced in the past, the lat- 
ent one during die years J932-37. Occasionally, we have sum* 
mcr seasons of excessive rain or of extreme beat or cold. Dev- 


222 



Lu>d, Pood, a«d PEOptE 

astating attacks of insetis and diseases sometimes occur. 
Large acreages of crops are often destro 7 ed by wind and hail. 
Fanners may become discouraged by Jack of adequate incen- 
tive to produce. And there is always danger of another >rorJd 
War. 

It would seem desirable to prepare for the possibility of 
temporary shortages of food, sucli as might des'clop as a result 
of abnormalities in the iveailier, from war, or from other causes. 
TTiis would require large-scale storage, particularly in areas 
that are far removed from the sources of supply. And such 
stora^ should be undertaken not as a means of getting rid of 
surplus food but to take adrantage of the surplus while it is at 
hand. The preference would be to store tlie more concentrated 
hi^-protein animal products rather than the grains themselves, 
since much more fo<^ value could be stored in a given amount 
of apace. 

Grains stored in the areas where they are gromr are loo far 
removed from the points of greatest ne^, and their transporta- 
tion to these locations might well be much loo siotv in time of 
disaster. The problem is one of being prepared for any emer- 
gency that may arise, Scarcity of food has a more demoraliz- 
ing effect on people than that of any other product they might 
need or desire. 

We cannot lake it for granted, even with modem science at 
our command, that we shall always continue to have everything 
we desire in as great abundance as we might like or even as we 
have it now. Our population Is now increasing at the rate of one 
every eleven seconds, ^rhicb is more than five a minute, about 
325 an hour, 8,000 a day, 56,000 a week, and three million a 
year. Tliis is equivalent to a new city of 60,000 in every state in 
the Union each year. And liere again population gronlb oper- 
ates on a compound interest basis. At our pr^ent rate of in- 
crease in the number of people we should have over 200 million 
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by 1875, more than 300 million by the year 2,000, and m ex- 
cess of one billion people by the year 2100. 

\re have long been encouraging population growth in this 
country and we are still doingit. An editorial in the January 10, 
1955, issue of Time magazine included the following comment: 

Very litlle b Lno«a about the anbtle and important relationships 
between population growth and economics. But enough is known to 
discredit blalthus. Americans can lake present population figures as a 
promise of more prosperity. Gone, for the first time in history, is the 
worry about wbelher a society can produce enough goods to lake care 
of its people. The lingering worry Is whether it will hare enough people 
to consume the goods. 

Tliis, in cfTect, is an invitation for more immigration and 
faster reproduction. Many industrial leaders agree with this 
philosophy. Business in the United States is based on the as- 
suTOptiontbat we iltaW continue to experience a very rapid rate 
of growth in population. Such grotvth is accepted with entltu- 
siasm. But there is great need to consider what this may ulti- 
mately involve. 

Commenting on tliis matter in tlic Harvard Business Revieic, 
Joseph J. Spongier said : 

Shortages which are being brought to light by the course of demo- 
graphic eients in the United Statm will be greatly intensified by the 
progress of population end oggregale consumption in other parts of 
the world, since these new arms will he cirowing Increasingly od rela- 
tirrly limited sources of supply, major access to which has heretofore 
been enjoyed by Atnerkans. 

Of even greater importance is the fact that continuation of popula- 
tion growth is likely to intensify various social and economic problems 
solution to which will be largely sought through »tatc Interrention. 
Should this come to pa«i, the economy would become less flexible and 


224 



LiND, Fooiv jujo People 

the freedom of individuals to do «9 thqr choose would tend to be highly 
circumscribed. 

As more and more people are crowded into a given area, 
friction (ends increasingly to develop among tlieni. More space 
is required for industries, cities, suburban developments, high- 
ways, and airports, resulting in much less freedom of move- 
ment by man. Such restrictions are being much more widely 
felt. Edward Teller, one of out atomic scientists, is quoted as 
having said; “I suspect that ultimately the population of the 
Earth will be limited not by any scarcity but rather by our 
ability to pnl up with each other.** 

The preservation of open space for recreational and related 
purposes is presenting an ever more troublesome problem. 
Public parks are being overrun with people who seek some re- 
lease irom the crowds of the more densely populated parts of 
the countrj’. Alaska has great value to the people of the main- 
land states in terms of open space. Even when tlie time arrives 
that the oil, mineral, forest, and fishing resources of this large 
area are being developed on whatever scale they may permit, 
there will still be plenty’ of space remaining for those who like 
to rough it out in the open as our pioneer forefallters once did. 

Our many mUIion acres of desert, grassland, and forest are 
highly important In terms of open space. Greater efforts will no 
doubt be made in due time to the end that these arid, arctic, 
tough, and mountainous areas are more quickly accessible to 
those who seek such space for recuperating from the pressures 
of the people who are crowded about them. 

There are those ivho feel that fearaare unnecessarily aroused 
by trhat is considered to be undue insistence on the need to con- 
serve our renewable natural resources — soil, water, grass- 
lands, croplands, forests, wildlife, fish, and recreational areas 
— for improved use in perpetuity. For example, Thomas B. 
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Nolan, Director of the United States Geological Survey, re- 
cently wote: 

I suppose there wlU alwaysbeatendericy to accept a concept of con- 
servation that is based on exhaostioa and that proposes restrictions 
in the use of resources simply because it is easy to project the present. 
But I cannot concur that such a concept can ever prev'ail since it ignores 
the fact that continual change rather than permanent stability is char- 
acteristic not only of the Earth bnt of its inhabitants. . . . We will re- 
solve such problems well in advance of the doom we are often so prone 
to sec. 

There is an element of truth in this. ThcMallhtisian principle 
need nei'er become operative in the United States, at least to 
any suclt degree as it has operated and is operating in the Orient. 
Defore this could have happened to us our intelligent leaders 
would probahly luve insist^ ondraslic action to increase food 
production or bring population growth under control, or both. 

The food problem of the Orient might possibly be solved in 
due time. Es'cn as matters now stand, food production in these 
hungry countries could be brought to mudt higher levels than 
now prevail. Taking the world as a wliole Harrison S. Bfowti 
saysS “If the food habits were to cliange suRicicnlly so dial the 
people of die world were content to derive their main nourish- 
ment from the products of algae farms and yeast factories, a 
world population of 50 billion persons could eventually be 
supported comfortably from die point of viesv of nutritional 
requirements.” 

Such po*sibilities are much more easily talked alioul than 
icalised. And long before any such population density bad 
come to pass, the world would certainly have bad some devas- 
tating wars growing out of local and national food shortages. 
These wars would undoubtedly hare wiped out many millions 
of people. 
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Oouii aredins, tnelhodi of: 108 
Oorrr. cohah aceurnulatar: 173 
OmI: hnw farmed, 19; anthracite, 23 
Coatial plain, aoil of: IS 
Cobalt', dehtienriea of, 16S-, acco- 
isnlaied bp elarrr, 173 
Cold Uardineai, to pUnta: 91 
Colon-. anll.S; {recn. inptte(t.l$2 
Coloaiu<,otllhodea: US 
CoBietTttiflii, aiHoorir aleared: tSS 
CoDtetrailun dialricii, work ta: 191 
Contour, firmlei eo: 103 
Coetourinf, definition of: 191 
Copper, defieieitelea of; 169 
Coral, irswth la Ka: 132 
“Ccirn." meaning of rerm: 119 
0>ra, aeed inoeulalinn of: 68 
Coarr cropping, dericlllon ol: 191 
CranbeiTp logs locatioa of: ISS 
Crape myrtle. In South: 159 
Creiateona petind. limntone bwmn- 
tlon during- 133 

Crookes Sir William, factorp 6ia(ion 
of nitrogen- 67 

Crop rolatinn, definition of; 191 
Crops tlimaiie rerplremenla of: 121 If. 
Crop wartes o«« of: 192 

Pams nprfieams til 

Pap. length for Cowering: 122 t. 

Pead 5es pnUMiom in- ]43 
Peaih. principle el: 78 


De Ciiifo, Joaue, and nutrition of man: 
179 

Deaert: wealth under, 41: Sahara, 42; 

airor.ei 
Deaert aoila: 13 

DeriTa paint truth, molybdenum ac- 
eumnUier: 175 
Diamond, formation of: 5S 
Diaeaae, microbial. In liro plant: 75 
Diatrict aoperri>ers work of: 19t 
Dolomite, alow oolulion rate of: 132 
Donera, amog: 82 

Drakenburg, Chrialtan, long lile of: 
ISO 

Dronih. 1932-38: 110 

Drouths frupiePCT of: 93 

Drp tee, for rainmaking; lOQ 

Dry matter, water to prpdnce: 101 

Dutita, dertlopiprnt oft 18 

Doai aterma, central United States 83; 

after World War 1, 186 
Dpnamie «>piilibriuai, ptinelplc oft 7S 

Eanbijuakee, esamplea of: 25 
Eanh'a eore^ temprraiurP of: 23 
Earthworms in aellt 7 
Elements themleal: S8 f. 

Enern: atered bp planu. 120; re- 
leaaed on burning plant*. 121; 
aiorrd nnJerpciind. 127; nuclear, 
12S 

Engineers aa conacrritionlila: 209 
Eraa:23 

Emglades Florida: 1S7 
Eaolatton; ot Itring things 23 I., ot 
com plans 119 

Fatmer, la cotuerratSoiii*' t 211 
Fiahs of nature: 23 
Fertdlerr Indaotrp. function ot; 111 
Fettiliiers tor growing ofgante nvauet; 
73 

FUwT.pIani: ISI 
FlOsIndiel: 173 
Fi»h and WiMIlfe Serrice: 189 
Flood plains Iroublet on: 112 
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Floodt: exampleiot. iI2 f.; toil lots 
durlos, 183 

Tloweriogilenetholday for: 1221. 
Raorioej totic, ITl; in teeth. 111 
Food, possible thomgoiji Uailed 
Sutet; 222 
Fomi Senice: 189 
Foretij, ntanegemeoi of: 1S5 
Fuigz. BtfcacThtstl; 76 

CtUxlet, comber ol: 1)6 
Ctrsec. in franiie: 53 
Csses: susotpheric, 83; loxie, S-l 
Cis&ntUD), disappetTBoee of: 29 
Claeien: eirtension el, IS; eipsostoc 
effects of, 36 

Coats: Texas. 138; Near East, 187 
Oraaite.'iKttBreef.SS; preeioos min- 
erals 2 b( SS; toil famed from, 60 
Grtftlie Qi}: $3 
Cmule Slate: 53 
Craoalet. toll: 7 
Crus chaonett. tor rsaoff: 106 
Cnttea, original. CJsiied Sisiet: 1S4 
"Cnw tetanr." oatsre of: 169 
Grett Americaa detert, area of: 13 f. 
Great Barrier Keel, nature el: 37 1. 
Great ^i) Croups: 11 
Creen, shades of in plants: 152 
Coano, natuieoi: 72 
CuUiea, fonctUos of: 181 

Hasraii: land area of. 47; pineapples 
in, 161 

Heat, Son's: 119 
Helios, Sun god: 115 
Hicbei7, alumuium aecoisdUior: ITS 
Uigbwtf engineer, as coosen'ilionlsi; 
213 

Rimalayas, formatioo of: 23 
“Ilomeostaiie tnecbanisma," in man: 
179 

Hortibleode, nature and disiBregrafion 
of: 56 

Ilotsetall, silieon acttoadaior: ITS 
Hot springy Maniples of; 26 
Romid region, air of: 81 


Hatricaeet, examples of: 91 
Ilpdroeblorie add, aa Jimestane lest; 
236 

lee Age, happenings daring: 36 
Iceland, hoi springs in: 26 
India, population problems of: 222 
Indian^ Ameriean: original number 
of, 42; crops of, 1S3 
Indostriali't, as eonsemtionist: 212 
Infanis, miceral notriUon of: 178 
logaila. John ode (o grass; 149 
Bioculailon of seed: legume, 68; com, 
681. 

lasectt, first: 30 
Iodine deficiencies; 168 
Irondefidendes: 173 
Irrigation; in Hailed Stales, 107; 
tupplemental. 111 

Jamesiown. Vlrgbia, aeilleinmt: 20] 
Japan, land area per persoa; 7S 
Japiaeaa beetle, "milkp diiease": 7S 

K*o*sm, dost stem oror; 83 
Kcotucltf, bloegrut legion: 167 
Kettering, Cbtilet F.: 218 

Land: eleraciona, 33 £.; sinhJag areas, 
36; new, 37; reelaimed from tea, 

38; snrld-CTopped, meadow and 
pasture and forested acreage, 39: )> 
cation for man, 41; wute, 42; 
Uiuted Stateo~iB mops, 46; 
forested. 153; indostriaUp released 
lo sgriealture, 47; soos^ctfliaral. 

• 48 

Land uea: Earth and coniineots, 33; 

UnUed Stales, 43 
Land-nse maps: 190 
Legmnes: natqie, 67; inoculation. 63 
licbSg, Justus von: sialemest shout 
England, 139; lectores. 141 1. 
life: origin of, 28; in tod, 4; on 3fan, 
84 

liglilning. nitrogen fixer: S6 
light of Sun: 120 
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Lime ie<tairrRirnt, o( tlfiUc 134 
Lime^iooe: mU front. CO; formatton 
of, 133; polfeiuation of, 133; atid 

tertfor.lM 

"IJsialoDe ton.*' lulare of: 134 
limine, of IsDif : 1C6 
litTt.'wMsttt of tnee tWmefti*; 175 
Locowre^ telmiura aecumatitor: 175 
Loeu. nature of: 16 
LDi>|iL{e,ii>tiiaa-.ia3{. 

Magunlum, in lei valrr: 132 

Maiu-.aaagrautll') 

Mallbaa, Thoniat A« on pepolatioo 
coBirol: 219 

Mammotli Care, lormailon ol: 137 
Man: forerusaer of, 30; effeeta of 
elimite on. 90: aifi coDirnt of. I6> 
ItlaneanoM, In fenilime; 145 
3{arLIe, formation of: 23 
Mart. life on: 84 

.Virroleti velflit In mII. Cl; nitrocen 
filing. 69| erifin of, 77; aa *«•(«• 
e-rt, 78 

Mieroeltmata. eSeet on ptanta-. 94 
"MiIIiT of Leetin: >5 

Mlnertl BMrfenia; deficinoefet of, 

169: cltaara ol. 172 
Miarrali, preeloua. In iranite: 58 
MnljUraanil (nxlr, 170; arenmolalnl 
bjr Deail'a paint Lroali. 175 
Moos. (Oecta OB litina ihisfa: 129 
Morainra, irfmlsal: 33 
Mnutilaiaa, formation of: 25 
Mount Errrrat. eWallon of: 34 
Mount VLiiner, (Imilon of: 31 
Mntk, nature of: 13 
Mironlibal funfi, oo roota* 76 

National AaaoeUlion of S'!!! Conaeira- 
tiofl Diftrina; 195 
National Park Srrrlre: 189 
N'aiiiifial Itnourcra CouBell el 

Near Eaat, (oala in. 40 
N'rborkaJnwar- 181 


N'enialoilea: In aoila. 7; on pUat roota, 
76 

KetlierUoila:^38 

Nenlraluatlon: nature of. 135: in out- 
door reaertes, 210 
Nile Valler, damt in: 221 
Nitittet Oailean. 42; accumalaial by 
pifweed. 173 , • 

Nitric acid, in rain: 56 
Nitrogen: batlrrlal ftitlon, 69; 
ijnintttr in aoU. 70: recorery in 
manure, 71; algal Cittion. 71; fac- 
tory fixation, 73: conaompUon in- 
fertilI>En,72; itmoapberic,8S: com- 
pounija in rainfall. 86 
NoaK ami Bood: 112 
Nodule bacterit. function of: 66 
Nolen, Tliomia B, conaereetlos con- 
cepta of: Z76 I. 

Nonbrr. and Great Pljiaa; 91 

Obaldian. nature of; S2 
Ocean, ulta is: 33 
Oblo, flood roMrol Is : 206 
Old ate, and minend nutcittani 178 
OpaL ted ether quant format 33 
Orfanie maticr. In anil; eempealtlon ef, 
65; <|uaBtitf oL 70 
Orirnl, food probtcmi In: 226 
Onbociiv, nature of: $5 

Parr, Tbonui, long life of: ISO 
Fcanuta, and other legumn; 67 
Peat, nature nl; 18 F. 

Perana, in Georgia: 136 
Peppetmiat, in Michitan: IS3 
Phoaphate rock: phoapborua aource. 

133 f.; pnlterintion. 139 
rboapbiorui: di-ficienciea, 163; aecu- 
nultltd by onybeana. 175 
rholoaynthrait, by plania: 127 
Pineapplev to iIa»aU; 161 
Flifmt. and tunapota: 119 
rUarta. location of: 22 
Ptanla; tahea (tom. 4; inlctotiat 
diaeava of, 75; energy alorrra, 120; 
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csrtwa •CcnmniKor*, 173; mineral* 
•cciunniitof »p«ie», J73 
Plato, on AlUatis; 35 
PltistocfDe period; 30 
Piato. god of iafenia] n^'ant; St 
Podio?, Mlait of: 12 f. 

Popnbtion, United Siatea: at eariotis 
tunes, 4i f,* uie e] iaerease, 233 
PoUsaiam: in peat, 19j in Siuafoit 
mine^ 14]; ig Zlrad 5ea, 143 
Polbotes, fornutioa eft IS7 
PTecipitalion-mpotranniralion ratio: 
l&l 

Price, TTestoa A, cod priraitire 
people*: |81 

Pradociioa, egriCDllnral. estsple* of: 
40 

Proterozeie era; 23 
Proteeo«,ia«oii*! ? 

Pwnict, itnicinre oft S2 
Pyritef, atluw ol; SS 

Oiulih^. cf food, aatriiional: 164 
Qmrc, oacitre «a<1 forsu of : S5 

Ridioeatiiob, (or dating; 140 
Ragweed, line necusiaUtor: 175 
Rain; silrogen in. K; »ra w aouree, 
$9; faOiogon lanl, 99; meaoa «f 
making, 107 f.; in western Caron*. 
135 

Rangelsnds, reseeding ef: 204 
BeprodnrtJoa, prinriple cf; 77 
Research worker, *s onnserraiioaiit: 
213 

RfiCvibium, in legnrae Bodole*; 67 
Riparian riglits, eosSieU in: 111 
R(^ required to form one foot of 
aoi]; 60 

Rocks: oedimentarf, 33 Li Toiraaie, 

51; pIntoTuc, 52; Igneotu, dements 
in. S3: phosphate, 133 
Rocky Moontaios, lonssiion of: 23 
Romans, sad legtunes: 67 
Roots, depth oi: 103 
Roininaata, acRrittoad rrslrm of: 

175 L 


Sahara Desert, oil wealth in. 42 
Saline soilv nature of: IS 
Sab, lupplemenu to: 167 
Sail dqwaila, localiona of; 131 
S*lu; nature of, 131; excess io saline 
■ aofla. 143 

Sand, dimensioDs of: 17 
Sandstcoe, formation of; 33 
Sea: depths, 34; reclzimias land frets, 
3S ' 

Sea sail: use bj man, 167 ; an erapora* 
lion residue, 140 

Sea water: cflrcts on plants, 145; pari- 
fication of, 109 

Selenium: loxie, 170; aecnmalated by 
loeoweed, 175 
Shale, fotmation of: 32 
$3iea, ia seili; 13 

SiiieoB. accumulated by horsetail: 175 
$3t,diain)uona of: J7 
Sitrar iodide, for rtiB*maItiflg: IDS 
Smog, aature of; 83 
SootdaD. range tl: 99 
Sodioai. accmniiiated by beer*: 175 
Sodium earbotitte, in aoits: 25 
Swl: indomciibte taut, 3; color* of, 
etgelalion and cliauie *a due of, 
8; agra of. 9; adds in, 10: pio- 
deedrity recorery of, 11; aUori*), 
14; saline, 15; particle fire* of, 17; 
randy, locations of, IS; teaewable 
natural mourt*. 20; from gnitiie, 
60; ‘strong;'' 63; limestone reqdied 
to fonn one foot. 134; rariation. 
alter* plant prodace, 2Q; sewed to 
Dtrth by roots, 182 
Soil capability. cUsse* of: 189 
Soil CDnsm-saiioa Act: 198 
Sdl Consenatlon DiatricU: 47 
So3 Coasarritioa Serrire; 47, 189 
Soil ettrreys, Bjaking: 19 f. 

Soils, glaciated: 171 
Soybean: Co central west. 156: pbos- 
phorus accumulator. 175 
SpCDgler, Joseph J. on population 
growth; 224 

SurA, storage is plants: 151 
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Siiufurt mitin, mIuo{: 111 
Stomiit. os lorn: 101 
Slone Monnwiti, C»of|U: S3 
Stony nrook. wotmWr 306 
Strip nopplog. drfiniiioa ol: 193 
Stublde mnlch, deCaitioa ol: 191 
Sulnoil, riling 10 furUre: 303 
Sugsr: plant ilorage of, ISI: ftctoty 
•Tnihraia of. 217 

Sulfur: (Ic&eifneiea «(, 171; atcu- 
mulalnl liy uLIiigr, 17S 
Sun; ckirieteriitica of, 117 S.; ttotnl 
energy from, 127 

SiinSnwer, tmroa treumulalot: 17S 
Sunapola, aalure and edeeta o(: 119 
Superplioapliate, cnaaufacture et: ltd 
Surreyt, Mil: 19 
S«ert poutoet, in South; 1S6 

Tatte appeal, In plant proJueia: 1S3 
Teacher, ta coBeerraii'onfrt; 213 
Teakettle, depodla la; S9 
Teeth, fluorine in; 171 
Teller. EdirariJ. on populatiea: 22S 
Trmperiturei Eanh'a cure, 23 1.; 
Sua'i, 117 

Trnaeeiee Valley Aotborityj 206 
Tetraolng. defined: 191 
Tidal irare, miinomer; 36 
Tilth, in aoila: 7 

Time inafarine, on populatioa: 221 
Toliaeen, ehlutine leeumulitor: ITS 

Topeull, loaa of: 187 
Toraadoee, eaamplea of: 92 
Toile c1emrnli.lnptintf: 1691. 

Traih lyaiem. of anil proteelioe: 193 
Taunamli, eaatnplei of: 26 1. 


Tundra, nature of: 14 f. 

Typhoona. cxamplea of: 93 

Uglineee. effecta on tnao: 303 
Ukraine, eon In: 11 

Van Iliac, Richard, on eonaerration: 
193 I. 

Vegetable matter, composition of: BS 
Vegetation, natural, clue to aoilt 8 
Viumios; in plants, !SI ; D, on cil- 
cinn abaerptioB, 169; B, cobalt in, 
174 

Volcaole ash, in ArUona and New 
Meiien: 28 

Volcaaieerupileas, eutapleaof: 17, 

2S1. 

Voltaire, on Atlantia: 3S 
Vulcan, god of fire: 51 

ITater! mporitfon Inm lei, 98j 
plant relatlonihlpa. 101: aolla ea< 
parity to store, 103: right to na«. 
Ill; Isdastriai reuse, 111 
TTaier table; permaaetit, on Coastal 
risln. 111; looering of, Lubboek, 
Trial. 1J3 

U'iliing point, plant! 103 
^otld Food and Agricultural Organi- 
tat lun. land estimates by: 39 
ITorld War I, aail eiptnded wheat 
acreage: 186 

Yellowatone National Park, outdoor 
reKrres: 210 

Zne, aceumulated by ragweeil; 173 
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